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Executive summary  
 
 
The present Deliverable (D5.2) describes the identification of safety effects of infrastructure 
related measures. It outlines the results of Task 5.2 of WP5 of SafetyCube, which aimed to identify 
the safety effects of infrastructure related road safety countermeasures (hereafter referred to as 
‘measures’). An exhaustive review of international experiences in implementing infrastructure 
related road safety measures was carried out, allowing the identification or the estimation of 
infrastructure related safety effects (e.g. crash modification factors) for selected measures and 
interventions. This was done by (i) presenting a taxonomy of infrastructure related measures, (ii) 
identifying “hot topics” of concern for relevant stakeholders and (iii) evaluating the impact on crash 
occurrence and severity within the scientific literature for each identified measure.  
 
In order to develop a comprehensive taxonomy of road infrastructure related measures, an 
extensive overview of infrastructure safety measures across Europe was undertaken, using key 
resources and publications such as The Handbook of Road Safety Measures (Elvik et al., 2009), the 
web-based iRAP toolkit and the SWOV factsheets, to name a few. The taxonomy developed 
contains 94 specific measures within 24 general measures, all within 11 infrastructure elements.  
 
In addition to this, stakeholder consultations in the form of a series of workshops were 
undertaken, to prioritise key areas of action (‘hot topics’) on the basis of feedback from the 
stakeholders on those issues they considered to be the most important or most relevant in terms of 
road infrastructure safety. The stakeholders who attended the workshops had a wide range of 
backgrounds (e.g. government, industry, research, relevant consumer organisations etc.) and a wide 
range of interests and knowledge. The identified ‘hot topics’ were ranked in terms of importance 
(i.e. which would have the greatest effect on road safety). Further SafetyCube analysis put emphasis 
on these topics (e.g. infrastructure treatments pedestrian/cyclist safety, roundabouts, crossings, 
visibility, removing obstacles, speed management, workzones etc.) with a view to implementing 
them in the SafetyCube Decision Support System (DSS) with highest priority. 
 
To evaluate the scientific literature, a methodology was developed in Work Package 3 of the 
SafetyCube project. WP5 has applied this methodology both to road infrastructure related risks 
and measures. This uniformed approach facilitated systematic searching of the scientific literature 
and consistent evaluation of the evidence for each measure. The method included a literature 
search strategy, a ‘coding template’ to record key data and metadata from individual studies, 
and guidelines for summarising the findings (Martensen et al., 2017). The main databases used in 
the WP5 literature search were Scopus and TRID, and in some cases other sources (e.g. Google 
Scholar, Science Direct). Studies using actual crash data (either from Police records or from 
naturalistic driving studies) were considered to have highest priority. Where a high number of 
studies were found, further selection criteria were applied to ensure the best quality studies were 
included in the analysis (e.g. key meta-analyses, recent studies, country origin, etc.). 
 
Once the most relevant studies were identified for a measure, each study was coded within the 
aforementioned coding template developed in WP3. Information coded for each study concerned 
road system elements, basic study information, road user group information, study design and 
possible biases, measures of exposure, measures of outcomes and types of effects. The information 
in the coded templates was included in the relational database developed to serve as the main 
source (‘back end’) of the DSS. Each measure was assigned on two-partners: a secondary coding 
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partner who would carry out the control procedure and would discuss with the primary coding 
partner any coding issues they had found. 
 
Once all studies were coded for a measure, a synopsis was created, synthesising the coded 
studies and outlining the main findings in the form of a meta-analysis (where possible) or another 
type of comprehensive synthesis (e.g. vote-count analysis). Each synopsis consists of three sections: 
a two page summary (including abstract, overview of effects and analysis methods); a scientific 
overview (short literature synthesis, overview of studies, analysis methods and analysis of the 
effects) and finally supporting documents (e.g. details of literature search and comparison of 
available studies in detail, if relevant). 
 
After undertaking the literature search and coding of the studies, it was found that for some 
measures not enough detailed studies could be found to allow a synopsis to be written. 
Furthermore, some synopses for measure topics were merged together, when literature results 
hinted at uniform approaches for the topics (e.g. the installation and change of type of safety 
barriers).  
 
In total 48 synopses on road infrastructure measures have been developed - the vast majority of 
them including results of existing meta-analyses, and two of them including results of new 
meta-analyses carried out within SafetyCube.  
 
Nevertheless, all coded studies on the remaining measures were included in the database to be 
accessible to the interested DSS users, even when these were not sufficient to write a synopsis. At 
the start of each synopsis, the measure is assigned a colour code, which indicates how effective 
this measure is in terms of the amount of evidence demonstrating its impact on crash reduction. 
The code can be one of the following: 
 
• Green: Clearly reducing risk. Consistent results showing a decreased risk, frequency and/or 
severity of crashes when this measure is applied. 
• Light Green: Probably reducing risk, but results not consistent. Some evidence that there 
is a decreased risk, frequency and/or severity of crashes when this measure is applied but 
results are not consistent. 
• Grey: Unclear results. Studies report contradicting effects. There are few studies with 
inconsistent or not verified results. 
• Red: Not reducing risk. Studies consistently demonstrate that this measure is not 
associated with a decrease in crash risk, frequency or severity. 
 
In total, 14 measures were given a Green code (e.g. speed management measure, workzones 
treatments, automatic barriers installation at rail-road crossings, delineation, road markings and 
traffic signs), 21 were given a Light Green code (e.g. convert junction to roundabout, median and 
roadside treatments, road safety audits and high risk sites treatments), 13 were given a Grey code 
(e.g. lane treatments, junctions re-alignment) and one measure received a Red code (namely the 
conversion of junctions to roundabouts, which was found to have negative effects for the particular 
case of cyclists safety).  
 
Some limitations were identified. Firstly, because of the method used to attribute a colour code, it 
is in theory possible for a measure with a Light Green colour code to have a greater overall 
magnitude of impact on road safety than a measure coded Green. This would occur if studies 
reported large impacts from a specific measure but without sufficient consistency to allocate a 
Green colour code. Secondly, findings may have been limited by both the implemented literature 
search strategy and the quality of the studies identified, but this was to ensure the studies included 
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were of sufficiently high quality to provide good understanding of the measure. Finally, it was not 
possible to evaluate the effects on road safety of all topics listed in the taxonomy, due to difficulties 
of finding relevant studies. 
 
The next task of WP5 is to carry out the Economic Efficiency Evaluation of selected priority road 
safety measures on the basis of the common methodological framework developed in WP3. More 
specifically, the methodology will be tested in a number of case-studies for different measures and 
in different countries, on the basis of a predefined selection procedure. 
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1 Introduction 
 
 
This chapter describes the overall project and the purpose of this deliverable.  
 
1.1 SAFETYCUBE 
Safety CaUsation, Benefits and Efficiency (SafetyCube) is a European Commission supported 
Horizon 2020 project with the objective of developing an innovative road safety Decision Support 
System (DSS) that will enable policy-makers and stakeholders to select and implement the most 
appropriate strategies, measures and cost-effective approaches to reduce casualties of all road user 
types and all severities.  
SafetyCube aims to: 
1. Develop new analysis methods for (a) Priority setting, (b) Evaluating the effectiveness of 
measures (c) Monitoring serious injuries and assessing their socio-economic costs (d) Cost-
benefit analysis taking account of human and material costs 
2. Apply these methods to safety data to identify the key accident causation mechanisms, risk 
factors and the most cost-effective measures for fatally and seriously injured casualties 
3. Develop an operational framework to ensure the project facilities can be accessed and updated 
beyond the completion of SafetyCube 
4. Enhance the European Road Safety Observatory and work with road safety stakeholders to 
ensure the results of the project can be implemented as widely as possible 
 
The core of the project is a comprehensive analysis of accident risks and the effectiveness and 
cost-benefit of safety measures focusing on road users, infrastructure, vehicles and injuries 
framed within a systems approach, with road safety stakeholders at the national level, EU and 
beyond having involvement at all stages.  
 
1.1.1 Work Package 5 
The objective of this Work Package (WP) is the in-depth understanding of infrastructure related 
accident causation factors and the identification and evaluation of the most appropriate related 
measures. This WP exploits a large amount of existing accident data (macroscopic and in-depth) 
and knowledge (e.g. existing studies) in order: 
i. to identify and rank risk factors related to the road infrastructure, 
ii. to identify measures for addressing these risk factors, 
iii. to assess the effects of measures. 
 
WP5 thus contributes to all the objectives of SafetyCube, as listed in section 1.1 above, from a road 
infrastructure viewpoint. WP5 includes four distinct and complementary Tasks, as follows: 
Task 5.1. Identification of infrastructure related risk factors 
Task 5.2. Identification of safety effects of infrastructure related measures 
Task 5.3. Evaluation of key infrastructure related road safety measures 
Task 5.4. Inventory of road infrastructure safety measures 
 
More specifically, the WP started with the creation of an exhaustive list of risk factors and road 
safety measures specific to the road infrastructure (taxonomy). For all these elements, a set of basic 
pieces of information are available within the existing literature, e.g. a general description, a rough 
assessment of the safety effects (high / low or range of values, if known) and the related costs (high / 
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low, or unit costs if known), other effects (mobility, environmental etc.). The stakeholders’ 
consultation taking place in WP2 was an additional source of basic information on the risk factors 
and measures.  
 
This exhaustive list has been examined together with WP3 and WP8, in order to make a complete 
and comprehensive selection of risk factors and measures to be analysed and evaluated. For the 
selected risk factors and measures, the methodologies and guidelines developed in WP3 
(Martensen et al., 2017) are implemented and tested in the WP5 analyses. At the same time, care is 
taken – under the supervision of WP8 – that the conceptual framework of the analyses is consistent 
with the “systems” approach, that the combined effect of risks and measures related to more than 
one component of the system (user, infrastructure, vehicle) is taken into account. Eventually, the 
inventory will include research results on numerous risk factors and measures, together with an 
assessment of the quality of the data / study methods from which the results are obtained.  
 
Overall, a mixture of methods and data sources have been utilised following the WP3 
methodologies: 
• Existing and new data sources (macroscopic or in-depth) are used for carrying out original 
analyses. 
• Existing studies are examined for carrying out meta-analyses or other types of analysis 
allowing for comprehensive syntheses of results (e.g. vote-count analysis) to estimate the 
effects of risk factors and the efficiency of road safety measures. 
 
Ultimately, WP5 will create an inventory of evaluated road safety risks and measures related to 
road infrastructure, with results from accident risk factors analysis and a cost-efficiency assessment 
of measures, to be integrated in the DSS system of WP8.  
 
1.2 PURPOSE AND STRUCTURE OF THIS DELIVERABLE 
 
This deliverable reports on the work in Task 5.2. This addresses one of the main objectives of WP5 
by contributing towards the creation of an inventory of road infrastructure related measures and 
their safety effects. The current report focuses on identifying and evaluating infrastructure related 
measures by: 
1. Presenting a taxonomy of road infrastructure related measures 
This taxonomy provides a comprehensive overview of the infrastructure measures identified as 
treatments influencing crash risk.  
 
2. Identifying “hot topics” of concern for relevant stakeholders 
By means of thorough consultations with relevant stakeholder groups, the measures of greatest 
interest have been identified. 
 
3. Evaluating the relative importance for crash outcomes (risk, frequency, severity) for 
each identified measure. 
 
1.2.1 Report structure 
This report has five chapters. This chapter (chapter 1) provides background information about the 
SafetyCube project and the current Work Package. Chapter 2 describes infrastructure measures and 
details of how they have been identified. Chapter 3 details the central SafetyCube methodology 
which has been applied for identifying and evaluating infrastructure related measures. Chapter 4 
considers each infrastructure measure in turn, presenting a colour code indicating the level of 
evidence for effectiveness of this particular measure, with an abstract summarising the findings of 
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the related synopsis. Chapter 5 concludes the report, summarizing the main findings and detailing 
the next steps.  
 
The main results of deliverable 5.2 include a variety of systematically analysed measures, 
documented in measure ‘synopses’ which will be incorporated into the Safety Cube DSS and linked 
to corresponding road safety risks and cost-benefit-analyses of these measures. As the synopses are 
very comprehensive, they form individual documents appended to this one and will be made 
available separately through the DSS when it is launched. 
 
 
 SafetyCube | Deliverable 5.2| WP5 | Final 16 
2 Taxonomy of infrastructure 
measures and hot topic 
identification 
 
 
This chapter elaborates on the systematic creation of the taxonomy of infrastructure 
related measures that was utilized in WP5. Furthermore, the identification and ranking of 
relevant hot topics is presented.    
 
2.1 WHAT IS A MEASURE? 
Within the SafetyCube project ‘measure’ refers to any intervention that is taken to reduce the 
risk, the frequency or the consequences of road accidents. Measures can have a direct influence 
on the risk or the frequency of an accident occurring, on the consequences of the accident (e.g. 
severity), or more indirectly by influencing a Safety Performance Indicator (SPI) which itself has a 
causal link to crashes or severity (e.g. speed); this, however, is often difficult to observe in isolation.  
 
During the first steps of the analysis, we noticed a high degree of duality between risks & 
measures in the infrastructure domain: the absence of a specific measure often poses a risk, e.g. a 
missing median barrier increases the risk of head-on collisions. An example of this duality can be 
seen if we consider an ill-designed cross-section of a road (lanes too wide or too narrow for a given 
setting) which can pose a risk, although modifying these lane widths can also be an effective safety 
measure. Hence many, if not all, elements of the road system are potential crash risk factors and 
measures, depending on the point of view from which they are examined. This report, however, 
deals exclusively with measures that are related to the design and layout of the road infrastructure. 
Methodological implications are discussed in section 3.1.2.  
 
2.2 TAXONOMY OF INFRASTRUCTURE MEASURES 
The first step in order to be able to identify and rank infrastructure related measures in terms of their 
impact on accident causation was the development of a taxonomy. The aim of creating a taxonomy 
was to identify the relevant topics covering all aspects of infrastructure and road environment 
related measures, and structure them in a meaningful way (e.g. general topics like exposure, specific 
topics like flow diversion) to serve as the back-bone of the analyses. Starting with the creation of a 
comprehensive list of measures specific to the road infrastructure, on the basis of several key 
publications, relevant information was sought on their general description, related risk mechanisms, 
and a rough assessment of the safety effects (high / low or range of values, if known).  
 
In order to do so, existing studies on infrastructure related measures were thoroughly reviewed. This 
included several key resources and publications analysing and comparing infrastructure risk factors 
and measures, such as: 
 
• ERSO web-text on infrastructure  
DaCoTa (2012a). Roads, Deliverable 4.8q of the EC FP7 project DaCoTA. 
• The Handbook of Road Safety Measures 
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Elvik, R., Hoye, A.; Vaa, T., Sorensen, M. (2009). The handbook of road safety measures. 2nd 
Edition. Emerald, Bingley, UK 
• CEDR Report on ‘Cost-Effective Infrastructure Investments’ 
CEDR (2008). Best Practice on Cost Effective Road Safety Infrastructure Investments, 
Conference of European Directors of Roads (CEDR), Paris.  
• ROSEBUD Handbook 
ROSEBUD (2006). Examples of assessed road safety measures – a short handbook. ROSEBUD 
Consortium, Research Project. European Commission, Brussels. 
• SUPREME Handbook 
SUPREME (2007a). Handbook for measures at the Country level. SUPREME Consortium, 
research project. European Commission, Brussels. 
SUPREME (2007b). Handbook for measures at the European level. SUPREME Consortium, 
research project. European Commission, Brussels. 
• Highway Safety Manual 
AASHTO - American Association of State Highway and Transportation Officials (2010). The 
Highway Safety Manual. AASHTO, Washington DC. 
• OECD/ITF report on ‘Sharing Road Safety’ 
OECD/ITF. (2012). Sharing Road Safety: Developing an International Framework for Crash 
Modification Functions. Paris. 
• PRACT research project (EU repository of infrastructure CMFs) 
PRACT (2016). Predicting Road Accidents - a transferable methodology across Europe 
(http://www.pract-repository.eu/).  
• iRAP toolkit and related publications 
iRAP Road Safety Toolkit (http://toolkit.irap.org/). 
• SWOV factsheets  
SWOV (2017). Facts & Figures (http://www.swov.nl/UK/Research/factsheets.htm) 
 
The initial list of measures was then examined on the basis of the methodological framework 
developed in WP3 and the systems approach developed in WP8, in order to make the final complete 
and comprehensive selection, and a meaningful classification of measures that would be 
analysed, ranked and evaluated in terms of their impact on accident causation & severity. The 
experience of WP5 partners with infrastructure measure research also contributed to the adjustment 
and optimisation of the list. 
 
Eventually, 94 specific measures within 24 general measures, all within 11 infrastructure 
elements, (see Tables 1-11) have been identified. In particular, a hierarchical taxonomy was created, 
with infrastructure elements (i.e. general topics) including several general measures, and in several 
cases each general measure may include many specific measures (see Tables 1-11). 
 
 The types of infrastructure covered in the SafetyCube taxonomy include: 
• Freeway segments. 
• Interchanges (including speed change lanes, ramp segments, crossroad ramp terminals). 
• Rural road segments. 
• Rural junctions (including rail-road crossings). 
• Urban road segments. 
• Urban junctions. 
Additionally, several measures may concern more than one type of infrastructure. 
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The tables below (Table 1-11) illustrate the entire taxonomy of measures utilised in WP5 of the 
SafetyCube project. General categories of infrastructure elements were firstly considered and then 
the specific measures were assigned to the respective element and general measures. The 11 
infrastructure elements that are included are as follows:  
• Exposure. 
• Infrastructure safety management. 
• Road type. 
• Road surface. 
• Lighting. 
• Workzones. 
• Alignment - Road segments. 
• Cross-section - Road segments. 
• Traffic control - Road segments. 
• Alignment - junctions. 
• Traffic control - junctions. 
 
Table 1: Taxonomy of road infrastructure measures related to exposure. 
Infrastructure element General measure  Specific measure 
Exposure 
 
Traffic flow 
 
Flow diversion 
2 + 1 roads 
Reversible lanes 
One-way traffic 
Ramp metering 
Access control 
Traffic 
composition 
HGV traffic restrictions 
Creation of HGV lanes 
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Table 2: Taxonomy of road infrastructure measures related to infrastructure safety management. 
Infrastructure element General measure Specific measure 
Infrastructure safety 
management 
Formal tools to 
address road 
network 
deficiencies 
Road safety audits implementation 
Road safety inspections implementation 
High risk sites identification 
Land use regulations improvement 
Speed 
management & 
enforcement 
Reduction of speed limit 
Dynamic (weather-variant) speed limits 
Individual Dynamic Speed Warning 
Speed cameras 
Section control 
Speed humps 
Woonerfs implementation 
Narrowings 
School zones 
30-zones implementation 
Traffic calming schemes 
 
Table 3: Taxonomy of road infrastructure measures related to road type. 
Infrastructure element General measure Specific measure 
Road type 
  
  
Road type 
  
  
Upgrade / downgrade road class 
Upgrade road to motorway 
Creation of by-pass road 
 
Table 4: Taxonomy of road infrastructure measures related to road surface. 
Infrastructure element General measure Specific measure 
Road surface 
  
  
  
Road surface 
treatments 
 
Improve friction (type of surface) 
Road re-surfacing to improve evenness 
Ice prevention / winter maintenance 
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Table 5: Taxonomy of road infrastructure measures related to lighting. 
Infrastructure element General measure Specific measure 
Lighting 
 
Visibility / Lighting 
treatments 
Installation of road lighting 
Improvement of existing lighting 
 
Table 6: Taxonomy of road infrastructure measures related to workzones. 
Infrastructure element General measure Specific measure 
Workzones Workzones Workzone signage installation 
Workzone signage improvement 
Workzone length treatment 
Workzone duration decrease 
 
Table 7: Taxonomy of road infrastructure measures related to alignment - road segments. 
Infrastructure element General measure Specific measure 
Alignment -  
Road segments 
Horizontal & 
vertical alignment 
treatments 
 
Creation of weaving areas 
Increase horizontal curve radius (curve re-alignment) 
Implement transition curves (curve re-alignment) 
Reduce number of curves (re-alignment) 
Reduce tangent length 
Sight distance treatments (horizontal alignment) 
Reduce gradient (re-alignment) 
Increase vertical curve radius (curve re-alignment) 
Sight distance treatments (vertical alignment) 
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Table 8: Taxonomy of road infrastructure measures related to cross-section - road segments. 
Infrastructure element General measure Specific measure 
Cross-section -  
Road segments 
  
Superelevation / 
cross-slopes 
treatments 
Superelevation improvement 
Cross-slope improvement 
Lanes / ramps 
treatments 
 
Increase number of lanes 
Increase lane width 
Create speed change lane 
Median / barrier 
treatments 
Installation of median 
Increase median width 
Change median type 
Implementation of rumble strips at centerline 
Shoulder & 
roadside 
treatments 
Shoulder implementation (shoulder type) 
Increase shoulder width 
Change shoulder type 
Safety barriers installation 
Change type of safety barriers 
Create clear-zone / remove obstacles 
Increase width of clear-zone 
Removal of sight obstructions 
Delineation and 
road markings 
Road markings implementation 
Installation of chevron signs 
Implementation of edgeline rumble strips 
Transverse rumble strips 
Sidewalk 
treatments 
Sidewalk installation 
Increase of sidewalk width 
Cycle lanes Cycle lane treatments 
Cycle path treatments 
Increase of cycle lane width 
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Table 9: Taxonomy of road infrastructure measures related to traffic control - road segments. 
Infrastructure element General measure Specific measure 
Traffic control –  
Road segments 
Traffic signs 
treatments  
Traffic sign installation 
Traffic sign maintenance 
Driver information 
and alert 
Variable message sign: incident / accident warning 
Variable message sign: congestion / queue warning 
V2I schemes 
 
Table 10: Taxonomy of road infrastructure measures related to alignment-junctions. 
Infrastructure element General measure Specific measure 
Alignment-junctions Interchanges 
treatments 
Convert at-grade junction to interchange 
Increasing ramp width 
Increasing ramp curve radius (ramp re-alignment) 
Increasing acceleration / deceleration lane length 
Increasing lane width 
At-grade junctions 
treatments 
Channelisation 
Sight distance treatments 
Convert junction to roundabout 
Convert 4-leg junction to staggered junction 
Improve skewness / junction angle 
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Table 11: Taxonomy of road infrastructure measures related to traffic control - junctions. 
Infrastructure element General measure Specific measure 
Traffic control - junctions Rail-road crossings Rail-road crossing traffic sign 
Automatic barriers installation 
Traffic signs 
treatments 
STOP / YIELD signs installation 
STOP / YIELD signs replacement 
Road markings Road markings implementation 
Implementation of marked crosswalk 
Traffic signals 
treatments 
Traffic signals installation 
Improve traffic signals timing 
Implementation of pedestrian signal phase 
 
 
 
2.3 IDENTIFICATION OF HOT TOPICS / STAKEHOLDER CONSULTATION 
The cooperation and interaction with a large group of stakeholders was crucial for the 
smoothness and efficiency of each step of the project. The SafetyCube project had already 
identified a core group of stakeholders from within government, industry, research, and consumer 
organisations covering the three road safety pillars of a Safe Systems Approach: vehicle, 
infrastructure, road user. The future users of the ultimate product of the project (the DSS) include 
Public Authorities (local, regional, national, European and international level), Industry 
(Infrastructure, Vehicle, Insurance, Technology), Research Institutes, Non-Governmental 
Organisations, and Mass media. 
 
2.3.1 Initial selection of “hot topics” 
 
At every stage of the evolution of traffic and road safety science and relevant industries, there have 
been several areas that are of interest attract particular attention by road safety researchers and 
stakeholders as critical areas for action and/or further research in recent scientific and policy 
documents. These have therefore been given particular emphasis and priority in the SafetyCube 
analysis, through a detailed and iterative process that was followed for their determination which is 
presented in the following. Initially, a selection of indicative “hot topics” was made at the project 
proposal stage, on the basis of international experience. These concerned the following thematic 
areas: 
• Road safety management: Road safety impact assessment, Road safety audits, Roads star 
rating (e.g. EuroRAP), etc. 
• Self-explaining and forgiving roads: simpler and more readable road design standards, related 
traffic arrangements for VRUs, etc. 
• ITS applications: Vehicle to Infrastructure communication (V2I), cooperative systems, etc. 
• Urban road safety measures: interventions developed to reduce the number of VRUs casualties 
in urban settings, e.g. stop-advanced-zones for motorcycles, traffic calming measures, bicycle 
lanes etc. 
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2.3.2 Stakeholder consultations 
 
In order to identify user needs and further prioritise risk factors and measures “hot topics”, three 
workshops were carried out. The first two workshops regarded a more general scope, whereas the 
third one was dedicated to infrastructure issues. The first workshop on June 17th 2015 was carried 
out in Brussels in order to start a dialogue between the project participants and a number of key 
stakeholders for road safety in Europe. The workshop both introduced the audience to the 
SafetyCube project and also solicited input from the stakeholders. The stakeholders who attended 
the workshop cover a wide range of interests and knowledge.  
 
An extensive list of “hot topics” was created on the basis of feedback from stakeholders, allowing 
enhancement of the SafetyCube initial lists. To achieve the goal of identifying “hot topics”, two 
activities were undertaken: two breakout sessions and a “hot topic” collection. The collection of “hot 
topics” was an ongoing activity throughout the day. The outcome of the “hot topics” exercise 
covered a wide range of subjects. For instance, there is an interest for the sharing of road 
environment between bicyclists, e-bikes, the elderly, and other traffic, both in shared space 30 km/h 
zones, crossings, and roundabouts. In the category “Infrastructure”, speed limits on highways in 
different countries and dynamic speed limits were deemed important topics as well as road lighting, 
self-explaining roads, and forgiving roads.  
 
A second workshop was organised in October 2015 in Ljubljana, Slovenia. The first part of the 
workshop was a plenary session with around 150 participants from the Slovenian Road Safety 
Councils and IRTAD group representatives. The SafetyCube project was presented as well as the 
“hot topics” from the previous workshop, and all participants were asked to give their feedback on 
the “hot topics”. Feedback was collected both in spoken and in written form. The second part of the 
workshop was a breakout session continuing with participants from the IRTAD group. Thereafter 
the participants were asked to add, comment and prioritise the “hot topics”. This was presented on 
6 posters showing the “hot topics” from the previous stakeholder consultation. 
 
The third workshop, which was dedicated to road infrastructure was carried out in February 2016, 
in Brussels, where twelve road infrastructure stakeholders participated. The participants 
represented key road infrastructure stakeholders, including EC-INEA, EC-DG-MOVE, EURORAP, 
ASECAP, ETSC, POLIS network, FIA, BRRC and Belgian regional road authorities. The objectives of 
the workshop were the analysis of infrastructure stakeholder needs for the DSS, as well as ranking 
the infrastructure related “hot topics” in terms of their importance. More specifically, the complete 
list of “hot topics” identified through the previous consultations was examined and ranked in this 
workshop dedicated to infrastructure.  
 
Finally, the SafetyCube Midterm Workshop in Brussels (September 2016) was dedicated to 
showcase the first tangible results of the project and to acquaint stakeholders with the architecture 
as well as the appearance and functionality of the future SafetyCube Decision Support System. In 
addition, the workshop presented an opportunity to query stakeholders again on their priorities in 
terms of infrastructural measures. 
 
2.3.3 Finalisation and ranking of hot topics 
 
On the basis of the above consultations, the list of hot topics was enhanced with additional topics, 
and eventually a ranking was made. 
 
Both the four general areas and the specific topics within each area were ranked. The four main 
areas are ranked as follows:  
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1. Urban road safety measures and  
2. Self-explaining and forgiving roads (which received equal ranks),  
3. Road safety management,  
4. ITS applications.  
 
As mentioned in section 2.3.1, these four "hot topic" areas were initially considered to be critical 
areas on the basis of international experience, from the project Technical Annex (developed since 
the project proposal phase). As such, at first they were not directly linked to a specific taxonomy 
entry. However, as the coding of studies progressed and the synopses topics were being 
consolidated, these were linked to the hot topics. In other words, there was both an active pursuit to 
investigate whether the synopses fall under a "hot topic" area and an active pursuit to explore these 
areas. The reader is referred to Table 14 in the following. 
 
The top ranked specific infrastructure topics as rated by the infrastructure stakeholders for each 
area are shown in Table 12. The SafetyCube analyses will take this ranking into account and add 
special emphasis on the highest priority topics. It is noted that several of the “hot topics” relate both 
to infrastructure risks and measures (see earlier remark on duality of risks & measures in the 
infrastructure domain in section 2.1) and hence were to be located in both the SafetyCube 
taxonomies of risk and measures. 
 
Table 12: Ranking of the “hot topics” by road infrastructure stakeholders. 
1.Urban road safety (detailed 
ranking was not possible) 
2. Self-explaining and 
forgiving roads 
3. Road safety 
management 
4. ITS application 
1. Pedestrians / cyclists 1. Removing obstacles 1. Quality of measures 
implementation 
1. ISA 
2. Upgrade of Crossings 2. Introduce shoulder 2. Appropriate speed 
limits 
2. Dynamic speed 
warning 
3. New crossings 3. Alignment (horizontal / 
vertical) 
3. Enforcement 3. ADAS and active 
safety with V2I 
4. Junctions / roundabouts 
treatments for VRU 
4.Sight distance 4. Availability of cost-
effectiveness data 
4. Implementation of 
VMS 
5. Visibility 5. Traffic signs 5. Work zones   
  6. Raised crossings / 
intersections 
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3 Methodology for evaluating 
infrastructure related measures  
 
 
This chapter provides an overview of the methodology developed in order to evaluate the 
scientific literature and produce results related to the effects of infrastructure measures.  
 
One of the most important targets of the SafetyCube project was to collect information for each 
measure in a uniform and standardized manner. Therefore, a standard methodology was developed 
within the methodology Work Package of the SafetyCube project (WP3). This included developing a: 
- Literature search strategy,  
- ‘Coding template’ to record key data and metadata from individual studies, 
- Guidelines for summarising the findings per measure.  
Collating information from a variety of studies, amongst each several may use different underlying 
theories, designs and methods represented a considerable challenge. Therefore, the adopted 
approach and developed coding template were designed to be flexible enough to capture important 
and diverse information but also facilitate the comparison between studies. These documents and 
the associated instructions and guidelines can be found in Martensen et al. (2017).  
 
3.1 STUDY SELECTION (OVERALL APPROACH) 
3.1.1 Literature Search 
For each of the identified measure topics a standardised literature search was conducted in order 
to identify relevant studies to include in the Decision Support System (DSS) and to form a basis for a 
concluding scientific summary (synopsis) and further analyses. A standardised procedure was 
developed (D3.4) and applied for each examined measure in this report. It should be noted that the 
literature search process was conducted for each measure in the taxonomy, however, in some cases 
it was concluded that insufficient literature was identified and some measures could not be 
evaluated. The literature searches were carried out between November 2016 and February 2017 
(with some further adjustments thereafter). The literature search, study coding and synopses 
creation for a particular measure was completed within the same SafetyCube partner organisation. 
The process was documented in a standard format to make the gradual reduction of relevant studies 
transparent. This documentation of each search is included in the corresponding supporting 
documents of the synopses (see Appendix). 
 
The main databases used in WP5 are the following: 
• Scopus 
• TRID 
for some measures the following additional databases were used: 
• Google Scholar 
• Science Direct 
• Taylor & Francis Online 
• Springer Link 
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3.1.2 How is the effect of measures studied? 
The high degree of duality between infrastructure risks and measures, mentioned in section 2.1, 
presents methodological implications as well. Traditionally, the effects of risk factors are analysed 
by means of cross-sectional studies, while the effects of road safety measures / interventions are 
analysed by means of observational before-and-after studies (e.g. Empirical Bayes). During the 
infrastructure risks analyses, all studies found were indeed cross-sectional and yielded a risk 
estimate. However, during the measures analyses, it was identified at an early stage during the 
literature search that some topics from the measures taxonomy were only analysed in the literature 
through cross-sectional studies, and no relevant before-and-after studies could be found. 
 
Examples of such measures were re-alignment treatments (curves, some elements of the cross-
section), interchanges ramps and lanes engineering treatments, and workzones treatments. To a 
large extent, this is not surprising as, for instance, the implementation of “heavy” or extensive 
engineering treatments (total re-alignment of a road or a junction) is rare, and their documented 
examination within scientific papers even more so; respectively, workzones are part of a 
maintenance or treatment implementation, and are seldom subject to interventions on their 
characteristics. Moreover, most of these topics had already been analysed from the risk viewpoint 
(i.e. the absence of a treatment or a design feature may induce risks). 
 
In order to address this issue, it was decided to take an approach fully complying with the basic 
principle that risks are analysed through cross-sectional studies, and measures are analysed 
through before-and-after studies. 
 
3.1.3 Prioritising studies to be coded 
As mentioned above, a challenge within the task of identifying studies to be included in the 
repository of studies on measures was to distinguish between risk factors and countermeasures. 
For example, studies dealing with the absence of a safety barrier may be designed to record e.g. 
crashes before and after the installation of a safety barrier. Although addressing a risk factor, these 
studies describe effects resulting from the treatment of a risk factor/application of a remedial 
measure. Such studies were coded and considered within the measures analysis at hand. In these 
cases, the aim was to find studies that provided an estimate of the effectiveness of a measure in 
reducing crash risk, frequency and/or severity through a before-and-after study design.  
 
The most important criterion for study selection was that the study includes a quantitative 
estimate of the effect of the measure examined (e.g. a Crash Modification Factor, an odds ratio, 
etc.), preferably as well as a confidence interval for this estimate. 
 
Moreover, studies considering crash data were designated as the most important. However, 
while the actual occurrence of crashes can be seen as the ultimate outcome measure for road safety, 
Safety Performance Indicators (SPI) have in recent years been taken into consideration to quantify 
the road safety level (Gitelman et al., 2014). SPIs include driving behaviour, like speed choice and 
lane positioning. These metrics give an indication of safe (or unsafe) driving behaviour. The SPI 
variables included for analysis are those for which there is some scientific evidence of an association 
with crash risk. For some measures, studies considering SPIs are included in addition to those 
focusing directly on crashes. It should be noted that where possible the coding of studies including 
crash data was prioritised.  
 
Since the study design and the outcome variables are just basic criteria, for some measures the 
literature search had the potential to yield an excessive number of related studies and therefore 
additional selection criteria were adopted. Furthermore, on major and well-studied infrastructure 
measures, meta-analyses were available and the results of these were identified and incorporated. 
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These meta-analyses were considered a priority as well, due to the fact that they encompass and 
present condensed knowledge from several original studies, thus providing road safety estimates 
with increased scientific weight. While the aim was to include as many studies as possible for as 
many measures as possible, it was simply not feasible, given the scope and resources of the project, 
to examine all available studies for all measures and their variants. The general criteria for 
prioritising studies to be selected for further analysis and eventual inclusion in the DSS were 
based on the following guideline: 
 
• Key meta-analyses (studies already included in the key meta-analysis were not coded again) 
• Most recent studies (preferably after 1990) 
• High quality of studies 
• Country origin: Europe before North America/Australasia before other countries 
• Importance: number of citations 
• Language: English 
• Peer reviewed journals (generally preferable over conference papers or research reports) 
 
According to the level of detail of the topic and the history of research in the field, the exact 
approach to prioritisation and number of studies that were eligible for coding varied (see synopses 
for the number of studies included per topic). Regarding study quality, it should be mentioned that 
the first criterion is the publication in a scientific journal or conference of certain international 
standards. A high number of citations is also desirable as an indicator of high quality of scientific 
work, however not all studies that merit examination necessarily have a lot of citations. Therefore, 
as a second criterion, every study is required to include a reasonable number of citations from the 
international literature, to ensure that it is connected to the state-of-the-art. It is also important to 
apply accrued knowledge and experience, in addition to common sense, in order to include studies 
with proper and relevant results, and not erroneous ones. 
 
3.2 STUDY CODING 
 
Within the aim of creating a database of estimates on crash risks and impacts of measures related to 
road infrastructure design and layout, a template was developed within WP3 to capture relevant 
information from each study in a manner that this information could be uniformly reported and 
shared across topics and WPs within the overall SafetyCube project. Guidelines were also made 
available for the task of coding with detailed instructions on how to use the template. The coding 
template was designed to accommodate the variety and complexity of different study designs. At 
the same time its complexity required partners to familiarize themselves with it and learn how to use 
it. 
 
For each study the following information was coded in the template and will ultimately be presented 
in the DSS: 
• Road system element (Road User, Infrastructure, Vehicle) and level of taxonomy so that 
users of the DSS will be able to find information on topics they are interested in. 
• Basic information of the study (title, author, year, source, origin, abstract) 
• Road user group examined 
• Study design 
• Estimates of exposure to the measure 
• Measures of outcome (e.g. number of injury crashes) 
• Type of effects (within SafetyCube this refers to the numerical and statistical details of a 
given study in a manner to quantify a particular association between exposure (either to a 
risk factor or a countermeasure) and a road safety outcome) 
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• Effects (including corresponding measures e.g. confidence intervals) 
• Limitations and possible biases 
• Summary of the information relevant to SafetyCube (this may be different from the original 
study abstract or only a part of it).  
 
For the full list of information provided per study see Martensen et al. (2017). Completed coding 
templates (one file per study) were uploaded to the DSS relational database. In total, more than 
260 studies on infrastructure related measures have been coded within WP5. 
 
3.2.1 Quality control for the coding process 
Even though the instructions for coding were detailed, room for interpretation was still allowed e.g. 
which design describes the study the best (if not mentioned by author), which estimates to include 
or exclude, what are essentially the weak points of the study etc. Therefore, a quality control 
procedure was established in which all measures were allocated to one primary and one secondary 
coding partner. The primary coding partner undertook the literature search, selected and prioritized 
the papers for coding, and coded these studies. The initial coded studies for each partner where 
shared between primary and secondary coding partners to confirm coding decisions. Once there 
was agreement on the coding of the initial studies, the rest of the studies were coded without 
sharing between the primary and secondary coding partners, unless the studies were complicated or 
caused problems for the coders. The studies which proved complicated were discussed between the 
primary and secondary coding partners so as to reach a consensus. Coders had the opportunity to 
have more than one study checked if they were uncertain, and there was continuous communication 
between beginner coders with more experienced ones to address any issues.  
 
3.3 SYNOPSIS CREATION 
 
The SafetyCube DSS will provide information for all coded studies for various risk factors and 
measures. The synthesis of these studies is available in the form of a ‘synopsis’ indicating the main 
findings for a particular risk factor or measure derived from meta-analyses or another type of 
comprehensive synthesis of the results (e.g. vote-count analysis), according to the guidelines and 
templates available in Martensen et al. (2017). 
 
In WP5.2, synopses were created for several measures on different levels of the measures 
taxonomy: due to the low availability of studies for certain topics, in some cases combined synopses 
were created. Most synopses contain context information for each measure from literature that 
could not be coded (e.g. literature reviews or qualitative studies).  
 
Moreover, not all the coded studies that will populate the DSS are included in the analysis of the 
synopsis. For some measures where it was possible to code only a few studies, these coded studies 
will be included in the DSS on their own, without an accompanied full synopsis, which was not 
drafted due to lack of sufficient information. In some cases, taxonomy topics at the specific measure 
level were merged in order to reach critical mass in terms of sound evidence for a synopsis (e.g. 
stop/yield signs installation & replacement; traffic sign installation & maintenance; road safety audits 
& inspections).  
 
In specific cases, due to the duality of risks and measures, the studies identified tended to analyse 
either the related risk factor or the measure.  The following approach was taken when writing 
synopses: 
• If for a topic both cross-sectional and before-and-after studies were found (e.g. 
skewness/junction angle):  
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o a measure synopsis was written on the basis of before-and after studies 
o If an existing risk synopsis was available from task 5.1, it was revised to include the 
new cross-sectional studies found. 
o If a risk synopsis was not available from task 5.1, the related topic was added to the 
risks taxonomy and a new risk synopsis was written. 
• If for a topic only cross-sectional studies were found, an existing risk synopsis was updated 
for the aspect of the measures (e.g. curve re-alignment, workzone length), or a new one was 
written as above (e.g. access control). 
 
For topics with no before-after studies and therefore no synopses, a disclaimer was written to 
appear on the search results page of the DSS, explaining the reasons for the lack results, and guiding 
the user to consider the results of the related risk synopsis, with a word of caution that these may be 
an approximation of the corresponding effect of the measure.  
 
The synopses aim to facilitate all different end users that might have different needs: decision-
makers looking for global estimates vs. scientific users interested in result and methodological 
details. Therefore, each synopsis contains sections for different end user groups that can be read 
independently. The structure of each measures synopsis, including the corresponding sub items 
(Consistent for human, vehicle, and infrastructure related measures), is as follows:  
1. Summary 
i. Abstract 
ii. Overview of effects 
iii. Analysis methods 
2. Scientific overview 
iv. Short synthesis of the literature 
v. Overview of the available studies 
vi. Description of the analysis methods 
vii. Analysis of the effects: meta-analysis, or other type of comprehensive synthesis like vote-
count table or review-type analysis 
3. Supporting documents 
viii. Details of literature search 
ix. Comparison of available studies in detail (optional) 
 
Note: slight differences occur between synopses due to the variability in information from the 
literature and the particularities between taxonomy topics. 
 
3.4 FINAL SYNOPSES 
The full taxonomy of infrastructure measures can be found in Chapter 2.2. In applying the method 
outlined in this chapter it was initially intended that each of the 94 specific measures would have a 
synopsis. However, following completion of the search and coding procedure it became apparent 
that for some specific measures there were insufficient code-able studies to justify the 
preparation of a synopsis.  
 
For the following infrastructure measures (n=31) there were deviations from the initial plan to 
produce a synopsis for each specific measure:  
• Traffic flow / Flow diversion: no relevant studies could be identified, hence no synopsis was 
produced 
• Traffic flow / Reversible lanes: only the meta-analysis from the Handbook of Road Safety 
Measures was found 
• Traffic flow / One-way traffic: only the meta-analysis from the Handbook of Road Safety 
Measures was found 
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• Traffic flow / Ramp metering: not enough relevant studies found, hence no synopsis was 
produced 
• Traffic flow / Access control: only one relevant study coded since all others were risk related, 
hence a risk synopsis was created: “Absence of access control” 
• Traffic composition / Creation of HGV lanes: no relevant studies could be identified, hence no 
synopsis was produced 
• Formal tools to address road network deficiencies / Land use regulations improvement: no 
relevant studies could be identified, hence no synopsis was produced 
• Road type / Upgrade / downgrade road class: not enough relevant studies could be identified, 
hence no synopsis was produced 
• Road type / Upgrade road to motorway: not enough relevant studies could be identified, hence 
no synopsis was produced 
• Workzones / Workzone length treatment: mainly risk related studies could be identified, hence 
the risk synopsis is to be updated 
• Workzones / Workzone duration decrease: mainly risk related studies could be identified, hence 
the risk synopsis is to be updated 
• Horizontal & vertical alignment treatments / Creation of weaving area: no relevant studies could 
be identified, hence no synopsis was produced 
• Horizontal & vertical alignment treatments / Increase horizontal curve radius (curve re-
alignment): mainly risk related studies could be identified, hence the risk synopsis is to be 
updated. 
• Horizontal & vertical alignment treatments / Implement transition curves (curve re-alignment): 
mainly risk related studies could be identified, hence the risk synopsis is to be updated. 
• Horizontal & vertical alignment treatments / Reduce number of curves (re-alignment): mainly 
risk related studies could be identified, hence the risk synopsis is to be updated. 
• Horizontal & vertical alignment treatments / Reduce tangent length: mainly risk related studies 
could be identified, hence the risk synopsis is to be updated. 
• Horizontal & vertical alignment treatments / Sight distance treatments (horizontal alignment): 
mainly risk related studies could be identified, hence the risk synopsis was produced 
• Horizontal & vertical alignment treatments / Reduce gradient (re-alignment): not enough 
relevant studies could be identified, hence no synopsis was produced 
• Horizontal & vertical alignment treatments / Increase vertical curve radius (curve re-alignment): 
not enough relevant studies could be identified, hence no synopsis was produced 
• Horizontal & vertical alignment treatments / Sight distance treatments (vertical alignment): not 
enough relevant studies could be identified, hence no synopsis was produced 
• Superelevation / cross-slopes treatment / Superelevation improvement: mainly risk related 
studies could be identified, hence the risk synopsis is to be updated 
• Superelevation / cross-slopes treatment / Cross-slope improvement: mainly risk related studies 
could be identified, hence the risk synopsis is to be updated 
• Lanes / ramps treatments / Create speed change lane: no relevant studies could be identified, 
hence no synopsis was produced 
• Shoulder & roadside treatments / Removal of sight obstructions: mainly risk related studies 
could be identified, hence the risk synopsis is to be updated 
• Delineation and road markings / Transverse rumble strips: only three relevant studies and no 
meta-analysis, hence no synopsis was produced 
• Sidewalks treatments / Sidewalk installation: no relevant studies could be identified, hence no 
synopsis was produced 
• Sidewalks treatments / Increase of sidewalk width: no relevant studies could be identified, hence 
no synopsis was produced 
• Interchanges treatments / Increasing ramp width: no relevant studies could be identified, hence 
no synopsis was produced 
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• Interchanges treatments / Increasing ramp curve radius (ramp re-alignment): no relevant studies 
could be identified, hence no synopsis was produced 
• Interchanges treatments / Increasing acceleration / deceleration lane length: mainly risk related 
studies could be identified, hence the risk synopsis is to be updated 
 
For the following topics (n=29 measures) a combined synopsis was produced:   
 
• Formal tools to address road network deficiencies / Road safety audits implementation & Road 
safety inspections implementation 
• Speed management & enforcement / Speed cameras & Section control 
• Road surface treatments / Improve friction (type of surface) & Road re-surfacing to improve 
evenness & Ice prevention / winter maintenance 
• Visibility / Lighting treatments / Installation of road lighting & Improvement of existing lighting 
• Workzones / Workzone signage installation & Workzone signage improvement 
• Shoulder & roadside treatments / Safety barriers installation & Change type of safety barriers 
• Shoulder & roadside treatments / Create clear-zone / remove obstacles & Increase width of 
clear-zone 
• Cycle lanes / Cycle lane treatments & Cycle path treatments 
• Traffic signs treatments / Traffic sign installation & Traffic sign maintenance 
• Driver information and alert / Variable message signs: incident / accident warning & Variable 
message signs: congestion / queue warning 
• Traffic signs treatments / STOP / YIELD signs installation & STOP / YIELD signs replacement 
• Traffic signals treatments / Improve traffic signals timing & Implementation of pedestrian signal 
phase 
• Delineation and road marking / Road markings implementation & Road markings / Road 
markings implementation 
• Lanes / ramps treatments / Increase lane width & Interchanges treatments / Increasing lane 
width 
 
Table 13: Overview on development of the final synopses 
  
Overall specific measures 94 
Specific measures for which there were deviations from the initial plan to produce a synopsis 
for each specific measure 
31 
Specific measures for which 14 combined synopses were produced 29 
Synopses on (remaining) specific measures 34 
Combined Synopses 14 
Total synopses 48 
 
 
Ultimately 48 synopses on road infrastructure measures have been developed for inclusion in the 
DSS. The vast majority of them include results of existing meta-analyses, and two of them include 
results of new meta-analyses carried out within SafetyCube (road safety audits & inspections, and 
increasing shoulder width).  
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This has been accomplished by 9 different SafetyCube partner organisations. It has to be noted that 
due to available studies and some contents of the synopses their titles were slightly adapted by the 
authors in certain cases. The results are presented in the following Chapter 4. 
 
Finally, it should be underlined that the synopses included in this Deliverable are the final versions 
available at the time of the submission, which have been thoroughly reviewed within the WP, and 
also within the project (Deliverables internal review procedures). Nevertheless, the synopses are 
living documents, which may be further improved also after the Deliverable submission (e.g. if new 
studies are identified, if additional suggestions for improvement are received by project partners). 
Moreover, a thorough Quality Assurance procedure will be implemented for all the contents of the 
DSS before the end of the project. Therefore, any further improvements in the synopses included in 
this Deliverable will be reflected in the final versions available in the DSS at the end of the project.  
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4 Safety effects of infrastructure 
related measures 
 
 
This chapter provides an overview of all infrastructure related measures synopses that have 
been written as of July 2017. However, since these are very comprehensive documents, only 
the abstracts and the corresponding colour code - which indicates the level of evidence for a 
given measure will be provided in this chapter. The synopses are intended to be living 
documents, periodically updated to reflect new research or in some cases to expand their 
scope. The full text of the synopses in their current form can be found in Appendix A and 
any future updates or additions will be available on the project website 
(http://www.safetycube-project.eu/) and the DSS.   
 
The colour code indicates how important this measure is in terms of the amount of evidence 
demonstrating its impact on road safety as regards mitigating crash risk, frequency or severity. The 
following codes and definition were applied, on the basis of WP3 guidelines:  
 
• Green: Clearly reducing risk. Consistent results showing a decreased risk, frequency and/or 
severity of crashes when this measure is applied  
• Light Green: Probably reducing risk, but results not consistent. Some evidence that there 
is a decreased risk, frequency and/or severity of crashes when this measure is applied but 
results are not consistent 
• Grey: Unclear results. Studies report contradicting effects. There are few studies with 
inconsistent results. 
• Red: Not reducing risk. Studies consistently demonstrate that this measure is not 
associated with a decrease in crash risk, frequency or severity 
 
Following the colour code an abstract is provided for each measure. This provides an overview of 
the main text in the summary and scientific overview of the synopsis. In the following sections, the 
colour codes and abstracts are provided for the specific measures under each of the 10 infrastructure 
elements, namely; 
• Exposure. 
• Infrastructure safety management. 
• Road type. 
• Road surface. 
• Lighting. 
• Work zones. 
• Cross-section - Road segments. 
• Traffic control - Road segments. 
• Alignment - Junctions. 
• Traffic control – Junctions. 
As mentioned before, the all elements included in the category of Alignment – Road Segments had 
no critical mass for separate synopses and were handled differently.  
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4.1 EXPOSURE 
4.1.1 2+1 roads 
Full measure evaluation can be found in Appendix A.1.  
Colour code: Grey 
Explanation: Implementation of 2+1 roads appears to reduce severe and fatal injuries, but only two 
studies were identified. 
Abstract 
This concerns implementing a 2+1 road design on previously two-lane roads, i.e. a road design with 
three lanes, where the middle lane alternates as a passing lane for the two opposing directions. 2+1 
roads with median barrier (cable) are found to reduce the rate of severe and fatal injuries by about 
51-63 %, depending on the road type and speed limit. The effect on rates of less severe injuries is 
smaller and in some cases not significant. This is found both when the measure is implemented at 
previously wide two-lane roads (13 m) and when narrow roads (9m) are widened at certain sections 
to allow for the alternating passing lanes. The reviewed studies are limited in number and do not 
control for relevant confounding factors, so the results should be interpreted with care and might be 
overestimated. The effect of 2+1 roads without median barrier is not clear. 
 
4.1.2 HGV traffic restrictions  
Full measure evaluation can be found in Appendix A.2.  
Colour code: Green 
The results showed that overall, accident rates and vehicle speeds reduce when HGV traffic (lane) 
restrictions are implemented and, where available, the results are statistically significant in the 
majority of cases. However, one study did not undertake statistical analysis on all of the results. 
Most of the non-significant results showed speed reductions and lower accident rates, which 
suggests that HGV lane restrictions do overall improve safety. 
Abstract 
HGV traffic restrictions can be defined as restrictions to lanes, speeds, times or height. In this 
synopsis, relevant studies were only found for HGV lane restrictions. These restrictions can affect 
road safety positively by improving traffic flow and reducing HGVs overtaking. HGV lane restrictions 
were investigated by analysing the results of four studies, two before-after studies, one meta-
analysis and one simulation study to identify whether these restrictions affect vehicle speeds and/or 
accident numbers. The results found that, overall, HGV lane restrictions did result in reduced speeds 
and accident numbers and in most studies, the results were statistically significant, including on the 
restricted lane and adjacent lanes. And where results were not significant or significance was 
unknown, reductions in accident rates and speeds were still seen. This topic has been studied across 
a limited number of conditions and countries (USA only), so the transferability of the results will also 
be limited. However, overall the results did not show any increases in vehicle speeds or accidents, 
which indicates that HGV lane restrictions are overall an effective safety measure. 
 
4.2 INFRASTRUCTURE SAFETY MANAGEMENT 
4.2.1 Road safety audits & inspections  
Full measure evaluation can be found in Appendix A.3.  
Colour code: Light Green 
On the basis of both study and effect numbers, it can be seen that road safety audits and inspections 
measures have a positive effect on road safety. In a minority of cases their impact is inconclusive (or 
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has isolated negative effects), but results still indicate an overall crash mitigation. The studies have 
good levels of quality, and the results consistently indicate that these measures reduce road safety 
risk. This leads to the assignment of the light green colour code for road safety audits and 
inspections. 
 
Abstract 
Road safety audits and inspections are conducted commonly by experts to highlight problems and 
deficiencies in a road or network for further consideration and examination by road management 
authorities. They are tools that enable secondary measures to be determined and applied. Five high 
quality studies were coded, and a meta-analysis based on the results of two of them was conducted. 
Results indicate that crashes after the audits showed a significant crash reduction of 60% after 
implementing this tool, hinting at considerable bonuses that stand to be gained from more 
widespread use of road safety audits. On a basis of both study and effect numbers, it is evident that 
high risk site treatment creates positive impacts on road safety by reducing crash and injury 
numbers. The results seem generally transferable with caution. 
 
4.2.2 High risk sites treatment 
Full measure evaluation can be found in Appendix A.4.  
Colour code: Light Green 
On the basis of both study and effect numbers, it can be seen that high risk site treatment measures 
have a positive effect on road safety. In a minority of cases its impact is unverified or has an isolated 
negative effect. The coded studies include two meta-analyses, which encompass the findings of 
several other studies. All of the studies examined have good levels of quality, and are generally 
consistent in their results. The overall benefits of these measures are not negated and should thus 
be considered accordingly. Results consistently show that the examined measure improves road 
safety. This leads to the assignment of the light green colour code for high risk site treatment. 
Abstract 
High risk site treatment measures are screening processes, commonly implemented to highlight 
problematic locations in a road or road network, for further consideration and examination by road 
safety experts. They enable secondary measures to be determined and applied, and hence improve 
road safety as a result of their targeted nature. Four high quality studies were coded, including two 
meta-analyses.  
The two meta-analyses encompass several effects, and show statistically significant reductions in 
injury crashes of 28% and 24% to 27%. 
On the basis of both study and effect numbers, it is evident that high risk site treatment has a 
positive impact on road safety by reducing crash and injury numbers. The results seem generally 
transferable with caution. 
 
4.2.3 Speed limit reduction measures to increase road safety  
Full measure evaluation can be found in Appendix A.5.  
Colour code: Green 
Speed and road safety are inversely correlated. In that context, speed limit reduction seemed to 
have a significant positive impact on road safety. Studies observed not only a decrease in fatal and 
serious injuries crashes but also other kinds of injuries. The effects seemed larger for a high level of 
initial speed than for a low level. No evidence of negative effects of speed limit reduction has been 
found. However, some studies lack of statistical results and should be taken with care.  
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Abstract 
In the context of road transport, various speed limitations have been used worldwide, depending on 
historical background, infrastructure, country system of units, etc. It has been demonstrated that 
the faster vehicles travel, the more negative impacts on road safety there are: increased crash risk, 
increased severity, and increased fatality rate.  
In that context, this synopsis analysed one meta-analysis from 2013 and five other more recent 
studies in order to evaluate the impact of speed limit reduction on road safety. Speed limit reduction 
measures have demonstrated a positive impact on road safety. Speed reduction seemed to reduce 
average speed on the road which has positive effects on road safety. The meta-analysis predicted a 
strong exponential link between relative injuries/ fatal crash risk and initial speed. That means that a 
speed decrease on highways would have a greater positive effect than a speed decrease from 50 
km/h. No evidence was found of negative effects on crash rates, or (fatal) injuries. The synopsis also 
highlighted that the effects of speed limit reduction can change as a function of the considered road 
section: there seemed to have less effects on intersections than on through roads. But the meta-
analysis illustrated that speed limit reduction had globally positive effects on road safety 
everywhere in the studied countries 
This synopsis highlighted that the speed limit reduction can be considered as an important measure 
to improve road safety, but also that more studies including statistical analyses should be performed 
in order to confirm all these trends. 
 
4.2.4 Dynamic speed limits  
Full measure evaluation can be found in Appendix A.6.  
Colour code: Light Green 
Although the number of empirical results is limited, the available literature shows that dynamic 
speed limits (DSLs) have favourable effects on driving speeds and on the number of crashes.  
Abstract 
Dynamic speed limits (DSL) are limits that change according to real-time traffic, road or weather 
conditions. In DSL-schemes road users are typically informed of speed limit changes by electronic 
signs that are housed within gantries situated above lanes. Dynamic speed limit systems are 
increasingly applied worldwide, usually on motorways. One of the objectives of dynamic speed 
limits is to improve traffic safety through reductions in mean speeds and in speed variations within 
and across lanes and between upstream and downstream flows (i.e. traffic flow in direction to and 
away from a site). 
The number of studies on the safety effects of DSLs that have been published in peer-reviewed 
journals is limited. Moreover they are sometimes difficult to compare with each other as multiple 
research designs were used and not all studies evaluated DSLs that operate in comparable 
conditions. The reviewed studies report favourable road safety effects. The only available before 
and after study reports a significant reduction of 18% of injury crashes due to the presence of a DSL 
system. The observed reduction is mainly attributable to a reduction of rear-end crashes. Some 
other studies evaluated the effects of DSL on driving speeds and reported decreases of mean 
speeds as well as reductions of speed variances.  
Apart from affecting traffic safety, DSLs could also have effects on traffic flows, congestion and 
travel times, and furthermore also on vehicle emissions and road noise. Nevertheless, no conclusive 
effects on any of these outcomes were found in previous implementations and experiments.  
One cost-benefit analysis showed a benefits-to-costs ratio of approximately 0.7 for a DSL system, 
which means that the costs might exceed the benefits.  
Little is actually known about possible conditions that could influence the effects of DSLs. It is likely 
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that the impacts of DSL are sensitive to the level of driver compliance.  As the level of driver 
compliance tends to vary across jurisdictions, results of DSL schemes are not necessarily 
transferable from one jurisdiction to another.  
 
4.2.5 Dynamic speed display signs  
Full measure evaluation can be found in Appendix A.7. 
Colour code: Green 
Results consistently show that dynamic speed display signs (DSDSs) have favourable effects on 
speeds. One study also shows a decrease of the number of crashes after installing DSDSs. 
Abstract 
Dynamic speed display signs (DSDSs) measure the speed of approaching vehicles and communicate 
the vehicle’s actual speed to drivers on a digital display along the road, possibly also including 
pictures or verbal messages such as “Slow down” or “Thank you”. The underlying idea is that DSDSs 
help motorists self-enforce their speed. DSDSs shouldn’t be confused with dynamic speed limit 
signs (DSL) which can impose different speed limits depending on traffic or weather circumstances. 
The essence of DSDSs is the individual feedback on driven speeds. 
The number of studies on the effects of DSDSs published in peer-reviewed journals is limited. Most 
evaluations have been done by means of before-and-after studies, focusing rather on the resulting 
speed behaviour than on the (indirect) effect on crashes. No meta-analyses were found. 
All reviewed studies consistently report significant decreases of mean speeds due to the presence of 
active DSDSs, although the size of the effect differs. The observed mean speed decrease ranges 
from 1km/h to 10 km/h. The observed decreases of the 85th percentile speed are of the same 
magnitude. The results of all the studies appear to be relatively homogenous which suggests that 
the measure is reasonably well transferable to other similar settings, including those in other 
countries. 
All studies also evaluated the proportion of drivers who exceeded the speed limits by some amount 
and reported considerable reductions in the highest exceedances of the speed limits. Some studies 
concluded that drivers become less responsive towards the DSDS over time, but the most detailed 
study did not find significant evolutions in mean speeds at the DSDS locations during the period of 
use. All studies agreed that the speed reductions observed while the DSDSs were in place 
disappeared after the devices were removed from the study sites. It was also found that drivers 
increase their speed again after passing the DSDS. DSDSs that extend the numeric feedback with 
verbal messages tend to outperform the ones with only numeric feedback.  
One study calculated the effect on the number of crashes and found a significant overall reduction 
of 5%. 
 
4.2.6 Installation of section control & speed cameras  
Full measure evaluation can be found in Appendix A.8. 
Colour code: Green 
Results consistently show that section control and fixed speed cameras have favourable effects on 
the number of crashes that occur.  
Abstract 
Section control and fixed speed cameras aim to reduce the number of crashes by enforcing the 
posted speed limits. While fixed speed cameras measure the driving speed at one specific point, 
section control measures the average driving speed over a longer road section.  
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Most research towards speed cameras and section control suggests a favourable impact on road 
safety. Section control was found to significantly reduce the number of crashes in a meta-analysis 
(Høye, 2014). The estimated reduction in the number of crashes is somewhat stronger than for fixed 
speed cameras: -30% for the total number of crashes and -56% for crashes involving killed or 
severely injured victims. These results were confirmed by three more recent papers as well. Some 
indications are found of favourable spillover effects to non-treatment sites further downstream (e.g. 
reduction in the number of crashes also in a non-treated location following the section control site). 
 
Results from the same meta-analysis indicate that fixed speed cameras significantly reduce the total 
number of crashes by about 20%. The results are to some extent confirmed by three more recent 
papers. The results suggest that the effect is very local, and no indications of spillover effects to non-
treatment sites were found. A stronger effect was found for fatal crashes (-51%), but this could 
partly be explained by regression to the mean.  
 
4.2.7 Installation of speed humps 
Full measure evaluation can be found in Appendix A.9. 
Colour code: Green 
From all the literature that is available which considers the safety effects of speed hump installation, 
the results show that accident rates and vehicle speeds are reduced when installed. In half of the 
studies, these results were significant. In the other half of the studies, no statistical analysis was 
undertaken, so it is not known whether these results were significant. However, what is clear is that 
none of the results showed that speed humps or similar resulted in increased speeds or accident 
rates, so it can be concluded that installing speed humps does reduces road safety risk. 
Abstract 
Vertical speed deflection devices (known in general in this study as ‘speed humps’) aim to reduce 
vehicle speeds, particularly in urban and residential areas, and to improve the safety not only for 
vehicles, but for pedestrians and cyclists using these areas. The effects of the installation of speed 
humps and other similar devices were investigated in the six studies selected for this synopsis 
(including one existing meta-analysis). Studies used either accident rate or vehicle speeds to 
measure the effectiveness of installing speed humps. The results found that the installation of speed 
humps and other devices reduces accident rates and vehicle speeds, sometimes significantly. These 
significant results were found specifically with speed humps and raised crossings, although non-
significant decreases were also found with speed bumps and cushions. The topic has been 
investigated in a relatively wide range of countries and looking at a number of different road user 
types, but has not considered other condition types (e.g. transport modes...), which limits the 
transferability potential of the results slightly. However, even when considering this, speed humps 
appear to be an effective safety measure. 
 
4.2.8 Implementation of woonerfs 
Full measure evaluation can be found in Appendix A.10. 
Colour code: Grey 
The results from the available literature showed that in general, accident and speeding vehicle rates 
decreased when woonerfs were implemented, although some mixed results were seen specifically 
for shared space schemes. No statistical analysis was undertaken in any of the studies, so the 
significance of these results is not known. 
Abstract 
Woonerfs are a concept originated in the Netherlands and are areas which are designed to meet the 
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needs of pedestrians and cyclists and encourage slow speeds from motorised vehicles, making it a 
safe and pleasant place to be. They are also known as Home Zones, Complete Streets and can also 
include shared space. The effects of implementing woonerfs and similar schemes were investigated 
by analysing the results of five before-after studies to identify whether the introduction of these 
schemes affect accident rates and speeding vehicle rates. The results found that Home Zones and 
Complete Streets did overall lead to reduced accident and speeding vehicle rates after 
implementation, but the results for the shared space schemes were more mixed, with some 
increases in accident rates being seen at specific sites, as well as reductions at other sites, which 
implies that shared space is not always successful in reducing accident rates in all locations. 
However, no statistical analysis was undertaken in any of the studies, so it is not known whether 
these results are significant. This topic has only been studied across a limited number of conditions 
and countries, so the transferability of the results will also be limited. 
 
4.2.9 Implementation of narrowings  
Full measure evaluation can be found in Appendix A.11. 
Colour code: Light green 
No accident rates were collected in the studies, which is a direct indicator of safety. In this synopsis, 
the results are based on speed, an indirect indicator. Overall, vehicle speeds decreased and 
deceleration distances increased when narrowings are implemented, and the results are more often 
statistically significant. One study states that higher speeds, as well as lower speeds, so could lead to 
reduced accident rates, so speed may not be the best safety indicator for narrowings, but most 
results led to reduced speeds, which has been seen in previous research to reduced accident rates. 
Abstract 
Road narrowings are used to narrow roads, both perceptually and/or physically, with the aim of 
reducing vehicle speeds. Four studies were selected as appropriate for inclusion in the synopsis of 
the measure “implementation of narrowings”, including one before-after study and three simulator 
studies. Across the four studies, differences in speed data (four studies) and deceleration distances 
(2 studies) before and after the road narrowings had been introduced were analysed using statistical 
analysis. The results across all four studies showed that implementing both perceptual and physical 
road narrowings overall reduces vehicle speeds and increase deceleration distances. Where 
available, significant results were found for mean speeds, minimum speeds during deceleration and 
measured deceleration distances. This topic has been studied across a limited number of conditions 
and countries, so the transferability of the results will be limited. As explained in Bella & Silvestri 
(2015), higher speeds could still lead to lower accidents rates, so speed may not be the strongest 
safety indicator for narrowings. But in past research, lower speeds have been shown to result in 
lower accident rates, so it is likely that there are safety benefits to implementing narrowings. 
 
4.2.10 School zones 
Full measure evaluation can be found in Appendix A.12. 
Colour code: Light green 
There is some indication that the installation of school zones can help to reduce speeds and improve 
road safety near schools. However, despite some improvements, there are still indications of 
frequent speeding and enhanced traffic risk in school zones. 
Abstract 
A school zone refers to a road area near a road traffic network around a school that has a likely 
presence of (younger) pedestrians. In general, school zones have a reduced speed limit during 
certain hours. Most studies on the road safety impact of school zones have used before and after 
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measurements of vehicle speeds in school zones as the safety relevant indicator. There is evidence 
that a lowered speed limit in a school zone may substantially reduce vehicle speeds, but 
nevertheless vehicle speeds tend to remain far above the posted speed limit. There is evidence that 
speeds in school zones may be reduced by the application of speed monitoring displays and fiber-
optic signs. The speed-reducing effects of speed monitoring displays have also been found to 
remain stable at long term. Studies have not consistently demonstrated that flashing beacon signs 
or pavement marking will greatly reduce vehicle speeds in school zones. The presence of specific 
elements in the physical road environment (sidewalk, crosswalk, pedestrian fencing) may contribute 
to lower speeds in school zones. The research evidence is not clear on how the length of school 
zones and number of lanes affects vehicle speeds. Studies find opposing results. 
 
4.2.11 Implementation of 30-zones  
Full measure evaluation can be found in Appendix A.13. 
Colour code: Green 
The results from the available literature showed that overall, accident/casualty rates and vehicle 
speeds reduce when 30km/h and 20mph zones are implemented and, where available, the results 
are statistically significant for a variety of conditions. However, two of five studies did not undertake 
statistical analysis, but even many of the non-significant results showed speed reductions and lower 
accident/casualty rates, which suggests that 30km/h zones do overall improve safety. 
Abstract 
30km/h or 20mph zones are found mainly in residential and urban areas and aim to reduce vehicle 
speeds, often using other physical speed reducing measures to further encourage slower driving 
speeds. This improves safety for all road user types. The effects of implementing 30km/h zones were 
investigated by analysing the results of five before-after studies to identify whether these zones 
affect vehicle speeds, accident and casualty numbers. The results found that 30km/h zones did result 
in reduced speeds and reduced accidents and casualties and in two of the five papers, the results 
were statistically significant. Significant results were also found when looking at specific groups of 
accidents and road user types. 30km/h zones were found to be not as effective in reducing speeds 
and accidents when no structural measures were also implemented. This implies that 30km/h zones 
only work effectively if other physical speed reducing measures are implemented alongside the 
reduced speed limit. This topic has been fairly well studied, but not across many different countries 
and not always using statistical analysis, which will limit the transferability potential of these results. 
However, overall the results did show reductions in speeds and accidents/casualties, which indicates 
that 30km/h zones are an effective safety measure overall. 
 
4.2.12 Installation of traffic calming schemes 
Full measure evaluation can be found in Appendix A.14. 
Colour code: Light green 
The results from the available literature showed that overall, accident and casualty rates reduce 
when traffic calming schemes are installed and these results are statistically significant. However, 
the studies included in all 3 meta-analyses and Yannis et al. (2003) are fairly dated (1980s/1990s), 
and without newer studies to support the findings, it is unclear whether these results would have 
been replicated if more recent studies/data had been available. Also in Høye (2014), none of the 
primary studies were controlled for regression to the mean, so the effects found may be over-
estimated. However on balance, it appears that traffic calming schemes do improve safety. 
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Abstract 
Traffic calming schemes aim to create an area of roadway where reduced vehicle speeds are 
encouraged by the use of an array of speed reduction measures (e.g. speed humps, chicanes etc.), so 
not only improving safety for vehicles, but also for pedestrians and cyclists in these areas. The 
effects of installing traffic calming schemes were investigated in this synopsis using three meta-
analyses (10, 16 and 33 studies respectively) and 1 further before-after study. Studies used either 
accident or casualty rate to measure the effectiveness of installing traffic calming schemes. The 
results found that their implementation reduced accident rates and casualty rates to a significant 
level, particularly when looking at accident and casualty rates overall. Significant results were also 
found for specific groups of accidents or casualty types (e.g. drivers over 25, single vehicle crashes, 
local/main roads…), but not for others (e.g. pedestrian crashes, fatal casualties, drivers under 25 
years…). The topic has been fairly well studied across a number of European countries and in 
Australia, but most studies were fairly dated (1980’s/1990’s), which limits the topic’s transferability 
potential. However, overall traffic calming schemes appear to be an effective safety measure. 
 
4.3 ROAD TYPE, ROAD SURFACE AND LIGHTING 
4.3.1 Creation of by-pass roads 
Full measure evaluation can be found in Appendix A.15. 
Colour code: Light Green 
There is evidence that the installation of bypass roads will reduce accident rates on old and new 
roads. However, studies may have overestimated safety effects to a certain extent. 
Abstract 
International studies indicate that the installation of a bypass road, which leads non-local (through) 
traffic around a town or business district, reduces traffic accident rates on both the new and the old 
roads. The decrease in the overall accident rate varies between 19% and 66%. However, most 
before-after studies did not meet the requirements of a good before-after design; selection bias 
may be present in the studies which may have led to some overestimation of the intervention 
effects. In general, safety effects of bypass roads are expected to be larger when the old road 
through town has a larger accident rate, more traffic is shifted to the bypass road, no extra traffic to 
either the old or the new road is generated, speed-reducing measures are used to control for 
possible increases in speeding on the old road network, and when intersections between the old and 
new bypass road have a safer design.  
 
The general principle that bypass roads can lead traffic away from roads with a relatively high crash 
rate makes it a road capacity/road safety measure that will be effective in and transferable to most 
traffic conditions. Its effectiveness however will vary considerably depending upon how unsafe the 
old situation was and whether the new bypass does or does not create new, extra traffic or higher 
speeding. 
 
4.3.2 Road surface treatments  
Full measure evaluation can be found in Appendix A.16. 
Colour code: Light green 
Coding studies shows that there is a strong statistical relationship between road surface treatments 
and road safety. Different road surface treatments (resurfacing, improve friction, investing in 
maintenance) have a positive effect on crash reduction. On the other hand, a meta-analysis shows a 
non-significant effect of road surface treatments on road safety.  
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Abstract 
Road surface has to be maintained in such way that it enables secure traffic. Road surface 
treatments are methods for extending the lifetime of deteriorating road pavement. Well-
maintained road surfaces with adequate skidding resistance help to minimize traffic accidents. The 
relationships between road surface characteristics and crash occurrence have been established in a 
number of studies. This synopsis deals with improving friction, resurfacing and winter maintenance 
which are important surface characteristics with regard to safety.  
Across all four coded studies, results have highlighted that road surface treatments have positive 
influence on road accident reduction. But the two meta-analysis shows that resurfacing does not 
appear to cause statistically reliable changes in accident numbers.  
 
4.3.3 Installation of lighting & Improvement of existing lighting 
Full measure evaluation can be found in Appendix A.17. 
Colour code: Green 
The vast majority of results show that the installation of road lighting and improvements of existing 
road lighting have favourable effects on the number of occurring crashes.  
Abstract 
The aim of the installation of road lighting and improvements in existing road lighting is to increase 
visibility, mostly to help reduce the night-time crash frequency. A meta-analysis is available that 
covers both the installation of road lighting and improvements in existing road lighting (Høye, 
2014). 
The meta-analysis shows that the installation of road lighting significantly reduces the number of 
fatal crashes in darkness by 52%, and the number of injury and unspecified crashes in darkness by 
26%. Fatal pedestrian crashes in darkness are reduced by 78%, while pedestrian injury crashes in 
darkness are reduced by 51%. The effects of installation of road lighting are generally greater for 
fatal crashes than for less severe crashes, and more favourable for crashes involving pedestrians 
than for crashes involving other types of road user. 
The meta-analysis also indicates that improvements to existing road lighting generally has a 
favourable effect on road safety as well. Increasing the lighting to two to five times the previous 
level reduces the number of injury crashes by 13%, and increasing it to five times the previous 
lighting level or more reduces injury crashes by 32%. A reduction in the lighting level to half of the 
previous level was found to significantly increase the number of injury crashes by 17%. Three more 
recent papers on changes to existing road lighting were coded that showed mixed results and could 
therefore not confirm the results of the meta-analysis. 
In general, it can be concluded that the vast majority of research available suggests that both 
installation of and improvements to road lighting have a favourable effect on road safety. The effect 
of improving existing road lighting on crashes seems smaller than the effect of installing road 
lighting on previously unlit locations. It also seems that improvements to existing road lighting need 
to be quite strong (more than doubling the previous level of lighting) in order to have a significant 
effect on the number of crashes. Transferability of the results may, however, be somewhat 
uncertain due to the substantial differences in effect size that were found in different studies. Some 
evidence suggests that effects differ between different types of road users and types of locations. 
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4.4 WORKZONES 
4.4.1 Workzones: Signage installation and improvement 
Full measure evaluation can be found in Appendix A.18. 
Colour code: Green 
The effects of workzone measure implementations relate to road safety level improvements, with a 
large number of literature studies presenting findings indicating speed, speed variance and a 
reduction in lane positioning variance. In areas that are located a large distance before the workzone 
environments, where no active work seems to be taking place, workzone signage seems to be 
counter-effective; namely reducing speed limit compliance rates, thus indicating that there are 
optimal and sub-optimal points for workzone measures application. Apart from that, the examined 
studies have good levels of quality, and are overall consistent in their results.  
Abstract 
Workzone measures such as signage installation and improvement are commonly implemented to 
warn drivers of their transition into a more unfamiliar and unpredictable environment where 
construction is taking place. Their presence and effectiveness impacts road safety levels, reducing 
vehicle speeds and improving lane keeping. Five high quality studies regarding various workzone 
measure implementations were coded. On a basis of both study and effect numbers, it can be 
argued that workzone signage creates mostly positive impacts on road safety. There were cases, 
however, that reported opposite results, indicating decreases in speed compliance rates, but these 
were farther from the working sites and therefore less reliable. The results seem generally 
transferable with caution. 
 
4.5 CROSS-SECTION - ROAD SEGMENTS 
4.5.1 Increase number of lanes  
Full measure evaluation can be found in Appendix A.19. 
Colour code: Grey 
The effects of changing the number of lanes on road safety may be positive or negative depending 
upon various factors:  roadway type, ADT (average daily traffic), paved width, and cross-sectional 
elements, such as single or dual carriageway, application of median separation, shoulder with, 
clearance etc. 
Abstract 
The number of lanes is one element of the cross-section of a road. The number of lanes is 
determined by the expected traffic volumes, traffic composition and design speed.  Conversions to a 
higher number of lanes have often been undertaken to manage higher traffic volumes and improve 
the traffic flow. On theoretical grounds safety benefits can be expected. Multiple-lane roads provide 
continuous opportunities for safe overtaking and can therefore have a positive effect on traffic 
operations by decreasing the interactions between faster and slower vehicles.  However, increasing 
the number of lanes may also increase the potential between same-direction conflicts and can lead 
to increases in driving speeds. They also increase the crossing distance for crossing traffic (including 
pedestrians and cyclists). The effects of changing the number of lanes on road safety depends on a 
number of closely interrelated factors (ADT, paved width, roadway type, and cross-section 
elements).  
 
For both urban and rural roads, it has been found that conversions of undivided two-lane roads to 
divided four-lane roads shown substantial accident reductions. But these large reductions are due to 
both the change in number of lanes and the physical separation of opposite lanes.  The evidence 
 SafetyCube | Deliverable 5.2| WP5 | Final 45 
concerning the conversion of 2- lane to 4-lane undivided rural roads is mixed. Depending upon ADT, 
results may be more or less positive. On high volume roads the conversion is associated with safety 
benefits but not on lower volume roads. The evidence concerning the conversion of 4 lane or 5 lane 
roads to 5 to 6 lane road indicates that road safety is not improved or may be negatively affected 
 
4.5.2 Increase lane width1 
Full measure evaluation can be found in Appendix A.20. 
Colour code: Grey 
The effect of lane width on road safety can be either positive or negative depending upon 
simultaneous changes in other cross-section design or road alignment characteristics. 
Abstract 
Lane width is one of several of important variables of cross-sectional road design. Cross sectional 
elements such as lane and shoulder widths vary depending on roadway function, traffic volume, and 
design speed. According to the geometric design manuals, higher traffic volume and design speed 
require wider lanes and shoulders. 
 
The findings or processes concerning lane width that are transferable to or operative in all countries 
are that narrow lanes invite lower speeds and have a higher risk of same or opposite direction 
contact between vehicles, and that wider lanes invite higher speeds and a lower risk of same- or 
opposite direction contact between vehicles. Also a more general finding corroborated in various 
studies is that on 2-lane rural or urban roads the widening of lanes tends to improve road safety. 
 
For rural two lane highway roads there is robust evidence that widening lane width reduces the 
occurrence of single-vehicle run-off-road (SVROR), same- and opposite-direction crashes. However, 
at the same time studies have indicated that very wide lanes (or shoulders) may increase crash risk 
mainly due to higher speeds. American experts have agreed upon CMFs (crash modification factor) 
for lane and shoulder widths in the Highway Safety Manual. Some studies in the USA show road 
safety benefits by decreasing lane width whereas others show negative effects. For roads with 3,65 
meter lanes and with speed limits of 40 mph or higher it was estimated that decreasing lane width 
would produce better safety results than increasing lane width. Other studies in the USA show that 
by adding a lane by narrowing existing lanes on 4-lane urban freeways may increase accidents. 
These conflicting results illustrate the importance of the relationship between combinations of 
cross-sectional elements with crashes rather than trying to isolate one specific element. 
 
For those roads in Europe which are similar to the studied American roads in terms of main design 
variables such as speed limit, lane width, number of lanes, shoulder width, traffic volume and lane 
separation, the results from American research may be used as a valid reference. 
 
4.5.3 Installation of median  
Full measure evaluation can be found in Appendix A.21. 
Colour code: Grey 
According to identified studies, the installation of medians may have a positive or negative effect on 
road safety. The installation of medians is found to reduce injury accidents, but not property 
damage only accidents. The effect is greatest for the most severe accidents (even if not 
significantly). The measure seems not to be effective at road intersections. 
                                                                    
1 This synopsis contains two similar topics: Cross-section – Lanes / ramps treatments / Increase lane width & Interchanges 
treatments / Increasing lane width 
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Abstract 
A median is a physical separation between opposing traffic streams. Results of the studies focusing 
on the effects of the installation of median on road safety indicate that the installation of median 
appears to significantly reduce crash occurrence by 43% on two-way roads (intersections not 
included) and 24% on two-way roads with intersections. However, implementation of medians 
were significantly negatively effective at intersections. In addition, implementation of medians on 
two-way roads of both rural and urban road segments is significantly associated to an 8% reduction 
in injury accidents. The installation of medians has been shown to reduce the number of accidents 
on road segments, with the greatest effect on the most severe accidents. The effect is greatest on 
control-access roads like motorways (roads with no at grade intersections). However, installation of 
medians at intersections are found to increase accidents. Unfavourable effects of median 
installation have been found in curves and when medians imply narrower lanes. In both cases, 
significant increases of accident numbers have been found (Elvik et al., 2009). Most research was 
carried out in the United States, Australia, Denmark, Norway, Germany and Malaysia. 
 
4.5.4 Increase median width  
Full measure evaluation can be found in Appendix A.22. 
Colour code: Light green 
Increased median width has a positive effect on road safety especially at two-way road sections both 
in urban and rural area. However, an increase in median width seems to be ineffective at 
intersections, while it is effective on road segments. 
Abstract 
Median width is defined as the width of the portion of road separating the travelled ways for traffic 
in opposite directions (including the inside shoulder). Overall, since 1 study and a meta-analysis 
including several studies were found, the topic has been studied to a sufficient extent. The effect of 
median width has been measured through accident frequency. Roads with wider medians in general 
have fewer accidents than roads with narrower medians. At road segments, this effect is small but 
significant. The effect in intersections is larger, but not statistically significant. Intersections with 
wide medians (wider than 2 m) have more accidents than intersections with medians lower than 2 
meters. Increasing the median width appears to reduce the number of car accidents as well as the 
number of bicycle accidents at two way roads on urban and rural roads. All the research was carried 
out in the United States with one European Study (meta-analysis) found based on several studies. 
 
4.5.5 Change median type 
Full measure evaluation can be found in Appendix A.23. 
Colour code: Light green 
Median barriers reduce fatal accidents and some accidents of unspecified severity (mostly injury 
accidents). For both fatal and unspecified severity accidents reduced by the effect of median barrier 
treatments, a larger significant positive effect is seen for beam barriers compared to concrete 
barriers. However other accidents of unspecified severity such as median (without crossing) type 
accidents are increased by beam median barriers. 
Abstract 
Median barriers are physical separations for opposing traffic streams and help stop vehicles 
travelling onto opposing traffic lanes. Median barrier treatments usually have a positive effect on 
road safety reducing the number of crashes. Apart from crash reductions, reduced crash severity has 
been associated with median barrier treatments. Results of the studies focusing on the effects of 
median barrier treatments on road safety indicate that beam median barrier treatments appear to 
significantly reduce fatal accidents by 87% and accidents of unspecified severity by 91% for 
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“crossing the median” type of accidents. However, it is associated with a 73% increase in accidents 
of unspecified severity, in median (without crossing) type of accidents. Most research was carried 
out in the United States, United Kingdom and France. Studies from France and the United Kingdom 
were included in the Norwegian meta-analysis whereas the only additional study was from the 
United States. 
 
4.5.6 Implementation of rumble strips at centreline  
Full measure evaluation can be found in Appendix A.24. 
Colour code: Green 
Both centerline rumble strips and a combination of center- and edgeline rumble strips are found to 
reduce accidents. The effect is greatest for target accidents. 
Abstract 
Rumble strips are rows of raised pavement markers placed along or adjacent to a road’s edgeline or 
Centreline. They provide haptic and audible feedback that a driver is straying out of the marked 
lane. Centerline plus shoulder rumble strips have been shown to reduce the frequency of crashes on 
road segments, with the greatest effects on target accidents i.e. Results for centerline rumble strips 
have an effect on: headon collisions, running off the road on the left side and side-impact collisions 
with vehicles in the oncoming lane on the left hand side showed a 37% reduction. Results for center- 
and edgeline have an effect on: head-on collisions, running off the road on either side and side swipe 
accidents between vehicles travelling in opposite directions also showed a 32% reduction. The 
presented results are for all accident severities as no differences were found for different degrees of 
severity. No differences were found for studies with and without control for regression to the mean. 
The results do not seem to be affected by publication bias, and do not contain significant difference, 
with the exception of edge- and centerline rumble strips for all accidents. 
 
4.5.7 Shoulder implementation (shoulder type)  
Full measure evaluation can be found in Appendix A.25. 
Colour code: Light green 
From the studies on the effects of shoulder implementation it seems that the implementation of 
shoulders on roadways leads to a significant positive effect on road safety. However, for some 
circumstances (e.g. fatal crashes on two-lane roads) significant negative effects were presented. 
Abstract 
A shoulder is a surface immediately beyond the carriageway edge line. Shoulders are commonly 
used to provide emergency lanes, parking lanes, and bicycle or pedestrian lanes. Results of the 
studies focusing on the effects of shoulder implementation on road safety indicate that the 
implementation of shoulders (adding paved, unpaved or composite shoulders) appears to 
significantly reduce crash occurrence, thus having a positive effect on road safety. A higher positive 
effect is observed for horizontal curve segments than for tangent road segments. However, 
shoulder implementation was negatively effective for fatal accidents on rural and urban two-lane 
roads, injury accidents on rural interstate roadways, injury and property damage only accidents on 
rural multilane roads with a shoulder width of 2.4 m. All the research was carried out in the United 
States hence transferability is limited. 
 
4.5.8 Increase shoulder width 
Full measure evaluation can be found in Appendix A.26. 
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Colour code: Light green 
Several studies have proven the positive effect of increasing shoulder width on road safety. 
However, for some circumstances (e.g. injury and property damage only shoulder related crashes on 
multilane roads) significant negative estimates were found. 
Abstract 
Increasing shoulder width relates to increasing the space available to drivers to perform an 
emergency stop or manoeuvering or to recover the vehicle in case of an error. Results of the studies 
focusing on widening shoulders on road safety indicate that increasing the shoulder width appears 
to significantly reduce crash occurrence. However, under specific circumstances and considering 
shoulder related crashes, increasing shoulder width may lead to an increase of accidents. All 
research studies identified were carried out in the United States. 
 
4.5.9 Change shoulder type 
Full measure evaluation can be found in Appendix A.27. 
Colour code: Grey 
Only two studies were found to investigate the effects of “change shoulder type” on road safety. The 
effects are somewhat unclear. It seems the change of shoulder type from unpaved to paved 
shoulders reduces crash occurrence. However, for some circumstances (e.g. fatal and injury accidents 
on shoulder width greater than 2.44 m for rural interstate roads, fatal accidents on shoulder width of 
1.83 m for rural two-lane roads, fatal accidents on shoulder width of 2.44 m for rural two-lane roads, 
fatal accidents on shoulder width > 2.44 m for rural two-lane roads, injury and damage only accidents 
on shoulder width >2.44 m for urban interstate roads) significant negative estimates were presented.  
Abstract 
Results of the studies focusing on the effects of “change shoulder type” on road safety indicate that 
the change of shoulder type appears to significantly reduce crash occurrence thereby having a 
positive effect on road safety.  However, changing shoulder type from unpaved to paved shoulder 
was negatively effective for fatal and injury accidents on shoulder width greater than 2.44m on rural 
interstate roads, fatal accidents on shoulder width of 1.83m on rural two-lane roads, fatal accidents 
on shoulder width of 2.44m on rural two-lane roads, fatal accidents on shoulder width > 2.44m on 
rural two-lane roads and injury and damage only accidents on shoulder width >2.44m for urban 
interstate roads. All the research was carried out in the United States. 
 
4.5.10 Safety barriers installation; Change type of safety barriers  
Full measure evaluation can be found in Appendix A.28. 
Colour code: Light green 
On a basis of both study and effect numbers, the installation and changing the type of safety 
barriers appear to have positive effects on road safety. However, there are cases when their impact 
is negative or inconclusive, but these are a minority compared to the results of all the studies. 
Furthermore, the coded studies encompass several topics and have good levels of quality and 
consistency. For the reasons mentioned above, the overall impact of installation and replacement of 
safety barriers is characterized as light green (probably effective), always depending on the exact 
measure implemented (e.g. some specific barrier types are better than others). 
Abstract 
Roadside barriers are widely used as safety devices to mitigate the effects of crashes and to avoid 
run-off-road accidents, containing vehicles and redirecting them back to the carriageway. The 
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presence of safety barriers affects road safety causing a reduction of severe crashes (i.e. fatal, 
serious, slight injury). Six high quality studies regarding various safety barriers installation and 
replacement were coded. On a basis of both study and effect numbers, it can be argued that safety 
barriers create positive impacts on road safety. One meta-analysis reported significant fatality 
increases, and mixed results for injuries. Three other studies reported mostly significant decreases in 
crash frequency, while another claimed a positive effect on reducing crash severity without statistical 
verification. No significant effects were found on driving speed and lateral position, while mostly 
positive effect on test indices (ASI, THIV, PHD) were found, but no statistical data are provided.  
 
4.5.11 Create clear-zone / remove obstacles & Increase width of clear-zone 
Full measure evaluation can be found in Appendix A.29. 
Colour code: Light green 
According to studies on the road safety effects of increasing the width of a clear zones (i.e. by 
increasing the distance to fixed roadside obstacles) it seems that   there is a reduction in crash 
frequency. However, these results are based only on two studies. 
Abstract 
The roadside clear zone is the distance from the edge of the travel lane which should be free of any 
non-traversable hazard such as steep slopes or fixed roadside objects. Increasing such distance 
might help the drivers to recover their vehicle in case of running off the road and improve visibility 
conditions. An increase of the width of a clear zone from around 1 meter to around 5 meters seems 
to decrease crash occurrence by 22%. Increasing the width from around 5 metres to around 9 meters 
has been found to reduce crashes by 44%. The results derived from a meta-analysis based only on 
two studies. Moreover, it is unknown whether the results also include the effects of other associated 
improvements such as improved sight conditions along the road. No details are available on 
whether these results apply to urban or rural areas. 
 
4.5.12 Road markings implementation2  
Full measure evaluation can be found in Appendix A.30. 
Colour code: Light green 
The review-type qualitative analysis carried out showed that road marking implementation 
measures have a mostly positive impact on road safety, particularly for conflict number reduction 
and lane changing rate reduction. On the other hand, there were more unclear and mixed outcomes 
regarding median and average speeds, reporting both increases and reductions, and effects that 
were marginal. There are several road marking configurations that can be explored and 
implemented. Overall, there is a considerable number of positive effects with sufficient statistical 
verification to consider this measure mostly beneficial and thus suggest it for field implementation. 
The positive effects do outnumber the negative ones by a considerable margin, and many negative 
outcomes are statistically not significant. This leads to the assignment of the Light Green colour 
code for road marking implementation measures. 
Abstract 
Road marking implementation is a measure regarding the implementation of painted markings on 
the road surface to convey information to drivers; several such designs have been implemented and 
investigated such as retroreflective markings, chevron markings, barrier lane and numbered 
markings. Junction reconfiguration was also examined: gantry signs, spiral markings etc. Eight high 
                                                                    
2 This synopsis contains two similar topics: Cross-section – Road segments / Road markings implementation & Traffic-
control – junctions / Road markings implementation 
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quality studies which included one meta-analysis were coded. On a basis of both study and effect 
numbers, road marking implementation measures have a mostly positive impact on road safety 
(only rear-end crashes increased after the installation). The results seem generally transferable with 
caution. It should be noted that pedestrian crosswalks or traffic signs are examined in separate 
synopses. 
4.5.13 Installation of chevron signs 
Full measure evaluation can be found in Appendix A.31. 
Colour code: Green 
The effects of the installation of chevron signs at curves are mostly positive in reducing crash 
frequency and vehicles’ mean speed. The presence of chevrons also leads drivers to keep a proper 
lane position. Furthermore, the coded studies encompass several topics and have good levels of 
quality and consistency. For the reasons mentioned above, the overall impact of chevron signs is 
characterized as green (effective). 
Abstract 
Chevron signs are widely used as safety devices to warn drivers of the severity of a curve by 
delineating the alignment of the road around that curve. Therefore, the presence of chevrons, either 
alone or combined with other devices, affects the level of road safety. Chevrons cause a reduction in 
the number of crashes and in driving speed, and have beneficial effects on lateral position. Seven 
high quality studies regarding various chevron sign implementations were coded. On the basis of 
both study and effect numbers, it can be argued that chevron signs have positive impacts on road 
safety. However, there were isolated cases where contradictory results were seen, indicating 
increases in speed. The results seem generally transferable. 
 
4.5.14 Implementation of edgeline rumble strips  
Full measure evaluation can be found in Appendix A.32. 
Colour code: Light green 
On the basis of both study and effect numbers, the implementation of edgeline rumble strips 
appears to have a predominantly positive effect on road safety. However, there are cases when its 
impact is not statistically significant or conclusive. Furthermore, the coded studies encompass 
several topics and have good levels of quality, but the results are not always consistent. For these 
reasons, the overall impact of edgeline rumble strips on road safety is characterized as light green 
(probably effective). 
Abstract 
Edgeline rumble strips are used to alert inattentive drivers of potential danger by causing tactile 
vibration and audible rumbling, transmitted through the wheels into the vehicle interior.  
Five high quality studies regarding differing implementations of edgeline rumble strips were coded. 
Their presence and effectiveness impact road safety levels, causing a reduction in the number of 
total crashes and encroachments across the edgeline. In most cases the reductions are statistically 
significant. Additionally, their implementation leads to an improvement in vehicular lateral position. 
No significant effects were found for severe crashes and passing manoeuvre indicators. On the basis 
of both study and effect numbers, it has been demonstrated that rumble strips create a mostly 
positive impact on road safety. Results are transferable with caution. 
 
4.5.15 Installation of cycle lane and cycle path  
Full measure evaluation can be found in Appendix A.33. 
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Colour code: Grey 
According to existing research, the installation of a cycle lane may have a positive or negative effect 
on road safety. A cycle lane not physically separated from other traffic lanes could reduce injury 
accidents for cyclists. The effect is greatest at road intersections. On the other hand, a physically 
separated cycle track may increase the number of accidents, particularly accidents involving a bicycle 
at intersections. Results are based on a meta-analysis. 
Abstract 
Cycle lanes are a protected or demarked space for bike traffic on the carriageway while cycle tracks 
are lanes physically separated from the carriageway. The implementation of cycle lanes usually has a 
non-significant positive effect on road safety reducing the number of accidents, not only cycle 
accidents but the total number of accidents. The implementation of cycle tracks on the contrary has 
a non-significant effect in reducing collisions between cyclists and motor vehicles and may increase 
the total number of accidents, particularly road accidents at intersections hence, a significant 
negative effect on road safety. Cycle lanes could be considered as a means to facilitate active 
transportation while reducing risk for cyclists. The main results are based on two meta-analysis. 
 
4.6 TRAFFIC CONTROL – ROAD SEGMENTS 
4.6.1 Traffic sign installation; Traffic sign maintenance 
Full measure evaluation can be found in Appendix A.34. 
Colour code: Green 
On a basis of both study and effect numbers, the installation and maintenance of traffic signs appear 
to have positive effects on road safety. However, there are cases when its impact is inconclusive, but 
these are a minority compared to the results of all the studies. Furthermore, the coded studies 
encompass several topics and have good levels of quality and consistency. For the reasons 
mentioned above, the overall impact of traffic sign installation and maintenance is characterized as 
green (effective). 
Abstract 
Traffic signs are widely used to warn and provide information to road users. Their presence and 
effectiveness impact road safety levels, causing a reduction of mean speed and vehicles travelling 
over posted speed limit. In addition to this, traffic sign installation and maintenance also lead to an 
improvement of vehicular lateral position. Five high quality studies regarding various traffic sign 
installation and maintenance were coded. On a basis of both study and effect numbers, it can be 
argued that traffic sign installation and maintenance have positive impacts on road safety. 
 
4.6.2 Variable message signs 
Full measure evaluation can be found in Appendix A.35. 
Colour code: Light green 
Little research was found that directly assesses the influence of Variable Message Signs (VMS) on 
crashes. Usually effects are measured on a behavioural level (mainly speed). Results show that VMS 
can significantly affect drivers’ behaviour. Several studies found that VMS significantly reduce 
driving speed, which is a strong indicator of crash frequency and severity. Therefore, it is concluded 
that VMS likely have a favourable effect on road safety when used in the right conditions and using 
appropriate messages. 
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Abstract 
Variable Message Signs (VMS) are electronic traffic signs that can be used to deliver various 
messages to passing drivers, such as warnings for adverse weather conditions, incidents, congestion 
or roadwork zones. Various studies were identified that investigated VMS. However, most studies 
investigate drivers’ behavioural adaptations to the VMS rather than the effect on crashes.  
Only one study looked into the effects of VMS on crashes (Norouzi, 2012). The results were mixed; a 
comparison of road sections with VMS and without VMS showed no significant results, but a 
comparison of sections with VMS active versus inactive showed a significantly lower crash rate when 
the VMS were active. 
Other studies looked into the behavioural effects of VMS, either on the road or in a driving simulator 
experiment. Several studies found that VMS significantly reduce driving speed (Rämä & Kulmala, 
2000; Sui & Young, 2014; Ulfarsson et al., 2001). Rämä & Kulmala (2000) found indications that the 
impact of VMS on driving speed might somewhat reduce over time. Ulfarsson et al. (2001) found 
indications that the deviation in driving speed could increase when VMS are in operation. Yan & Wu 
(2014) found that VMS location and information format have a major influence on the resulting 
behavioural adaptations of drivers. 
In general, it can be concluded that VMS significantly affect drivers’ behaviour. When used in the 
right conditions and using appropriate messages, VMS could contribute in a positive way to road 
safety. 
 
4.6.3 V2I schemes 
Full measure evaluation can be found in Appendix A.36. 
Colour code: Grey 
No conclusion possible because too little is known on the eventual outcomes on the level of traffic 
safety. 
Abstract 
Vehicle-to-Infrastructure (V2I) schemes use real-time two-way communication between vehicles 
and infrastructure with the goal of realizing safety, mobility, and environmental benefits. Examples 
of reported applications include stop sign violation warning, railroad crossing violation warning, real-
time weather information, oversize vehicle warning and reduced speed zone warning. Most of the 
applications are currently in a state of development with sometimes not more than prototypes and 
trial versions available. The amount of available sources for summarising study results is therefore 
currently still very limited. With a growing number of applications it is likely that this number will 
increase sharply during the next few years. However, at present no meta-analyses or even no 
comprehensive real-world evaluation studies are available. The available study results show that 
V2I-measures have some potential to reduce crash risks as they may affect some indirect safety 
indicators, but too little is known on the eventual outcomes on the level of traffic safety. 
 
4.7 ALIGNMENT - JUNCTIONS 
4.7.1 Convert at-grade junction to interchange 
Full measure evaluation can be found in Appendix A.37. 
Colour code: Green 
The effects of converting an at-grade junction to an interchange are mostly positive in reducing 
crash frequency. Furthermore, the coded studies encompass several topics and have good levels of 
quality and consistency. For the reasons mentioned above, the overall impact of converting an at-
grade junction to an interchange is characterized as green (effective). 
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Abstract 
The conversion of at-grade junctions to interchanges can improve safety and traffic flow. Three high 
quality studies, of which two meta-analyses, regarding various conversion treatments were coded. 
On a basis of both study and effect numbers, it can be argued that converting at-grade junctions to 
interchanges creates positive impacts on road safety. There were cases, however, that reported 
non-significant results, but these were isolated. The results seem generally transferable. 
 
4.7.2 Channelisation  
Full measure evaluation can be found in Appendix A.38.  
Colour code: Light green 
In general channelisation of junctions seems to reduce accident frequency. Differences between the 
effectiveness of different types of channelisation of junctions like left-turn lanes or right-turn lanes 
are different to quantify since outcomes were different in some cases. 
Abstract 
From the studies on the effect of channelisation of junctions on road safety, it seems that 
channelisation of junctions reduces accident frequency: most studies presented reductions in 
accident frequency that were statistically significant. Although some negative effects were 
presented in some studies, they were not statistically significant. Since some results regarding 
specific outcomes are diverse, differences between the effectiveness of left-turn lanes and of right-
turn lanes or between T-arms and crossroads are different to quantify. Research was mainly carried 
out in North America as well as in China and Australia. The transferability may be questioned 
because of potential regional characteristics. 
 
4.7.3 Sight distance treatments 
Full measure evaluation can be found in Appendix A.39.  
Colour code: Green 
Sight distance treatments at junctions seem to reduce crash occurrence. In addition, mostly positive 
effects on driver behaviour (e.g. decrease in drivers’ speed) can be seen, however, one was 
significantly negative. Also intended sight obstructions might have positive effects on driver 
behaviour. As there was only one significant negative effect presented for an indirect variable on 
road safety (which was possibly provided by a sense of security after installation of a specific 
measure) a green colour code was assigned. 
Abstract 
From the studies on the effect of sight distance treatments on road safety, it appears that sight 
distance improvements in general reduce crash occurrence. Moreover, studies on driver behaviour 
show that specific measures improve sight conditions: left-turn offsets or active visual warning 
systems for entering vehicles have positive effects on road safety (e.g. decrease in drivers’ speed), 
whereas similar effects are also possible with intended sight obstructions. Different kinds of warning 
signs were tested: (1) Vehicle activated warning signs and (2) standard static signs. The effects were 
mainly measured comparing crash counts and driving behaviour. Modifying effects regarding 
drivers’ age were not found. As most of the studies were carried out in the United States, the 
transferability might be problematic. However, a European meta-analysis was included. 
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4.7.4 Convert junction to roundabout 
Full measure evaluation can be found in Appendix A.40.  
Colour code: Light green [overall] – Red [for cyclists] 
The conversion of junctions to roundabouts seems to reduce fatal and injury accident frequency. 
However, in some cases, only small reductions and even increases of damage only accident 
frequencies are seen for multi-lane roundabouts. For crashes involving cyclists, significant negative 
effects were found, hence, a light green colour code / red colour code (for cyclists) is assigned to 
roundabouts. 
Abstract 
From the studies on the effects of the conversion of junctions to roundabouts on road safety, it 
appears that applying this treatment reduces fatal and injury accident frequency (especially in rural 
areas), with the exception of crashes involving cyclists. Moreover, the conversion of junctions to 
roundabouts might lead to only small improvements, and in the case of multi-lane roundabouts, 
even increases damage only accident frequency. Roundabouts are also more effective on roads with 
a higher speed limit. The transferability of the results would appear good, as studies from many 
different countries were included. 
 
4.7.5 Convert 4-leg junction to staggered junctions  
Full measure evaluation can be found in Appendix A.41.  
Colour code: Grey 
The conversion of 4-leg junctions to staggered T-junctions appears to reduce injury crash 
occurrence, especially when the percentage of side road traffic amount is high. However, at sites 
where the latter is low, an increase in crash occurrence is seen. 
Abstract 
From the studies identified in the international literature, it seems that the conversion of 4-leg 
junctions to staggered T-junctions statistically significantly reduces injury crash occurrence, 
especially when the percentage of side road traffic amount is high. However, converting 4-leg 
junctions to staggered T-junctions when the percentage of side road traffic amount is low, appears 
to significantly increase injury as well as property damage only crash occurrence. Even though 
positive effects in general are seen if converting crossroads to staggered T-arms, negative estimates 
might appear when it comes to different road networks, traffic loads or crash types. One European 
meta-analysis was included, research was mainly carried out in the United States and Australia. 
Therefore, the transferability may be questioned because of potential regional characteristics. 
 
4.7.6 Improve skewness or junction angle 
Full measure evaluation can be found in Appendix A.42.  
Colour code: Grey 
The improvement of skewness or junction angle may reduce crash occurrence and might also have 
positive effects on driving performance, but the presented effects were not statistically significant 
and a non-significant increase in crash occurrence for specific crash types (e.g. head-on turn crashes) 
was observed. 
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Abstract 
From the studies identified, it seems that the improvement of skewness or junction angle i.e. 
junction angle realignment might reduce crash occurrence and have positive effects on driving 
performance. As presented in one study, the improvement of junction angle benefits both older (65-
85 years) and younger drivers (25-45 years). However, since none of the effects were statistically 
significant and also a non-significant increase in crash occurrence for specific crash types (e.g. head-
on turn crashes) was observed, it is difficult to make general statements on the effects of the 
improvement of skewness or junction angle on road safety. Research focused on crashes involving 
motor vehicles. Moreover, it was only carried out in the United States; hence, findings are probably 
influenced by national specifications.  
 
4.8 TRAFFIC CONTROL - JUNCTIONS 
4.8.1 Installation of rail-road crossing traffic sign 
Full measure evaluation can be found in Appendix A.43.  
Colour code: Light green 
From the studies on the effects of the installation of rail-road crossing traffic signs on road safety, it 
seems that the installation of stop signs as well as the installation of other types of specific warning 
signs (e.g. hazard warning signs or highly reflective warning signs) at rail-road crossings, reduce crash 
occurrence. However, for some circumstances (e.g. train speed higher than 30 mph) significant 
negative estimates were presented.  
Abstract 
Results of the studies focusing on the effects of the installation of rail-road crossing traffic signs on 
road safety indicate that the installation of stop signs at rail-road crossings appears to significantly 
reduce crash occurrence by 65% and also has positive effects regarding driver behaviour. However, 
stop signs were negatively effective at crossings with higher train speeds (e.g. train speed higher 
than 30 mph) or track classifications (classes mainly referring to the maximum speed limit). Other 
types of specific warning signs (e.g. hazard warning signs or highly reflective warning signs) seem to 
significantly reduce crash occurrence as well. In addition to one European meta-analysis most 
research was carried out in the United States and is probably linked with national specifications. 
These national specifications are especially relevant for this topic because traffic signs at rail-road 
crossings differ between countries and there are several specific traffic signs used.  
 
4.8.2 Automatic barriers installation  
Full measure evaluation can be found in Appendix A.44.  
Colour code: Green  
The installation of automatic barriers at rail-road crossings seems to reduce crash occurrence and 
appears to have positive effects on driver behaviour, potentially reducing violations. 
Abstract 
Regarding the effect of the installation of automatic barriers at rail-road crossings on road safety, it 
appears that the installation of automatic barriers at rail-road crossings is associated with a 
reduction of crash occurrence, especially at rail-road crossings that previously only had warning 
signs. Moreover, it seems that the installation of automatic barriers also has positive effects on 
driver behaviour at rail-road crossings and might reduce violations. The effects of the installation of 
barriers seem to be consistent when it comes to different road networks etc., in addition studies 
were drawn from Asia, Europe, America as well as Australia enabling good transferability of results. 
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4.8.3 STOP / YIELD signs installation / replacement  
Full measure evaluation can be found in Appendix A.45.  
Colour code: Grey 
From studies on the effects of the installation / replacement of stop / yields (give way) signs at 
junctions, it appears that only the installation of two-way stop signs significantly reduces crash 
occurrence. Other ways of installing stop signs, as well as the installation of yield signs may reduce 
crash occurrence, but reductions were not statistically significant. The replacement of stop signs 
with yield signs appears to significantly increase crash occurrence. As two contrary measures were 
combined in this synopsis a grey (neutral) colour code was applied.  
Abstract 
Regarding the effects of the installation / replacement of stop / yield signs at junctions on road 
safety, it can be observed, that only the installation of two-way stops and four-way stops 
significantly reduces crash occurrence. For the installation of one-way stops and yield signs, only 
non-significant results were presented. The replacement of stop signs with yield signs seems to 
significantly increase crash occurrence. Research mainly focused on crashes with motor vehicles or 
did not differentiate between road user groups or traffic volume. Most research was carried out in 
Australia, but a European meta-analysis (from Norway) was also used. 
In general, the coded studies are of sufficient quality and are methodologically sound. However, 
some studies didn’t consider changes in traffic volume, and regression to the mean appears to be a 
problem in some studies. 
 
4.8.4 Implementation of marked crosswalk 
Full measure evaluation can be found in Appendix A.46.  
Colour code: Grey 
The safety impact of marked crosswalks remains somewhat unclear, especially the impact on 
pedestrian crash rate. Some studies find no significant effects of marked crosswalks on the number 
of crashes, while some find significant increases in the number of crashes at some locations or for 
some groups of road users. However, a significant reduction in crash severity is consistently found in 
literature. 
Abstract 
Providing marked crosswalks is aimed at making it easier and safer for pedestrians to cross the road. 
However, there are conflicting studies regarding the safety effects of marked crosswalks. The 
literature remains inconclusive on the safety effects of marked crosswalks.  
 
The identified studies found no reduction in the number of crashes resulting from the installation of 
marked crosswalks. Two studies found no significant effect of marked crosswalks on the number of 
crashes. A study found no significant effect of marked crosswalks on pedestrian crash rate for roads 
with relatively low traffic volumes, but a significant increase in pedestrian crash rate for high-volume 
roads with more than 1 lane in each direction was found. Another study found an increase in the 
number of crashes between motor vehicles and older pedestrians.  
 
A number of studies looked into the severity of crashes at marked crosswalks and consistently found 
that the injury severity is significantly lower in crashes at crosswalks. 
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Most results refer to crosswalks at junctions, only few refer to crashes at mid-block crosswalks. The 
differences in results (especially regarding the effect on crash rate) limits the transferability of 
results. 
 
In conclusion, no evidence was found that marked crosswalks reduce the number of crashes, and 
some indications were found that an increase in the number of crashes might take place at some 
locations and for some categories of road users. Marked crosswalks do, however, reduce the 
severity of crashes. 
 
4.8.5 Traffic signal installation 
Full measure evaluation can be found in Appendix A.47.  
Colour code: Light green 
On a basis of both study and effect numbers, it can be argued that traffic signal installation 
measures have a mostly positive effect on road safety. Results consistently show that the examined 
measure does efficiently change road safety levels in most cases. This leads to the assignment of the 
Light Green colour code for traffic signal installation.  
Abstract 
Traffic signal installation is a measure regarding the implementation of a pedestrian signal phase or 
improved traffic signal timing, and belong to the group of junction treatments. Six high quality 
studies which included two meta-analyses were coded. The two meta-analyses included in the 
group of studies encompass the benefit of several other studies; their results also show significant 
benefits on a road safety basis (traffic signal installation was found to reduce total collisions by 29% 
in the first meta-analysis and the implementation of left-turn phase was found to reduce turning or 
crossing crashes by 15%). Overall, crash occurrence and severity are mitigated, and only one specific 
crash type appears more frequent (rear-end crashes). On a basis of both study and effect numbers, it 
is evident that traffic signal installation measures have a mostly positive impact on road safety (only 
rear-end crashes increased after the installation). The positive effects do outnumber the negative 
ones by a considerable margin, and many outcomes are statistically significant. The results seem 
generally transferable with caution. 
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4.8.6 Traffic signal reconfiguration 
Full measure evaluation can be found in Appendix A.48.  
Colour code: Grey 
On a basis of both study and effect numbers, it appears that traffic signal reconfiguration measures 
have an unclear effect on road safety. The positive effects do not outnumber the negative ones by a 
safe (large) margin, and many outcomes are either not directly related to road safety or are not 
statistically significant. There are two meta-analyses included in the group of studies taken into 
consideration which encompass the benefit of several other studies; but the results of these 
contribute to the unclear picture. In short, results consistently show that the examined measure 
does not efficiently change road safety levels. This leads to the assignment of the Grey colour code 
for traffic signal reconfiguration.  
Abstract 
Traffic signal reconfiguration is a measure regarding the implementation of a pedestrian signal 
phase or improved traffic signal timing, and belong to the group of junction treatments. Eight high 
quality studies which included two meta-analyses were coded. On a basis of both study and effect 
numbers, it is evident that traffic signal reconfiguration measures do not have a positive impact on 
road safety (unclear or statistically non-significant effects on crash and conflict counts and 
behavioral indicators). The results seem generally not transferable overall, specific study results may 
be transferable with caution. 
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5 Conclusions 
 
 
This chapter provides an overview of the findings from the assessment of the effectiveness 
of road infrastructure measures. This includes a ranking of measures by the level of 
evidence of their effectiveness, the limitations of the process and the summary of the next 
steps for the infrastructure related work of the SafetyCube project.  
 
5.1 RANKING OF MEASURES 
For each specific measure of the infrastructure taxonomy, a systematic search of the literature was 
undertaken. The identified relevant studies were coded using a uniformed ‘coding template’. This 
captured quantifiable objective findings about impact of the measure on risk, frequency and/or 
severity of crashes. Where sufficient studies could be identified, a synopsis was written 
summarising the impact of the measure on road safety. Each synopsis has a common format which 
starts with a colour code indicating the level of evidence available as to the impact of the measure. 
This is followed by an abstract providing a summary of the findings for this measure. The full 
synopsis for each measure can be found in the appendix to this report.  
 
Table 14 presents the measures classified by colour code. In total 14 measures were given the colour 
Green, indicating that there is consistent evidence that they have a positive effect on road safety 
in terms of decreasing crash risk, frequency or severity. 21 measures were marked as light green 
(probably effective) with a likely positive effect on road safety. Grey (unclear) was assigned to 13 
treatments, where no clear conclusion could be drawn, whereas 1 measure was marked as red (not 
reducing risk, or even counter-productive).  
 
A detailed overview of the infrastructure related measures assessed is presented in Table 15. Results 
are separated for each of the infrastructure elements, with the specific measure within each element 
ranked by colour code and indication on the type of road safety outcomes affected (crash risk, 
crash frequency and crash severity), as well as whether or not this is a hot topic. The infrastructure 
element “Infrastructure safety management” (including formal tools to assess road network 
deficiencies and speed management) has the highest number of specific measures with a Green 
colour code.  
 
Unfortunately, it was not possible to produce a synopsis for all specific measures listed in the 
taxonomy (see section 3.4). This was due to the lack of enough relevant studies. However, any 
studies found were coded and will be available in the DSS (yet without a synopsis). 
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Table 14: Infrastructure related measure synopses by colour code 
Green  
(clearly reducing risk) 
Light green  
(probably reducing risk) 
Grey  
(Unclear)  
Red  
(Not reducing risk) 
 HGV traffic 
restrictions 
 Speed limit reduction 
measures to increase 
road safety  
 Dynamic speed 
display signs  
 Installation of section 
control & speed 
cameras 
 Installation of speed 
humps 
 Implementation of 
30-zones  
 Installation of lighting 
& Improvement of 
existing lighting 
 Workzones: Signage 
installation and 
improvement 
 Implementation of 
rumble strips at 
centreline  
 Installation of 
chevron signs 
 Traffic sign 
installation; Traffic 
sign maintenance 
 Convert at-grade 
junction to 
interchange 
 Sight distance 
treatments 
 Automatic barriers 
installation  
 
 Road safety audits & 
inspections 
 High risk sites treatment 
 Dynamic speed limits 
 Implementation of 
narrowings  
 School zones 
 Installation of traffic 
calming schemes 
 Road surface treatments 
 Creation of by-pass roads  
 Increase median width  
 Change median type 
 Shoulder implementation 
(shoulder type) 
 Increase shoulder width 
 Safety barriers 
installation; Change type 
of safety barriers  
 Create clear-zone / 
remove obstacles & 
Increase width of clear-
zone  
 Road markings 
implementation 
 Implementation of 
edgeline rumble strips 
 Variable message signs 
 Convert junction to 
roundabout 
 Channelisation 
 Installation of rail-road 
crossing traffic sign 
 Traffic signal installation 
 
? 2+1 roads 
? Implementation of 
woonerfs 
? Installation of median 
? Increase number of 
lanes 
? Increase lane width 
? Change shoulder type 
? Installation of cycle 
lane and cycle path 
? V2I schemes 
? Improve skewness or 
junction angle 
? Convert 4-leg 
junction to staggered 
junctions 
? STOP / YIELD signs 
installation / 
replacement 
? Implementation of 
marked crosswalk 
? Traffic signal 
reconfiguration 
× Convert junction to 
roundabout (cyclists) 
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Table 15 Overview of results of synopses on infrastructure related measures and associated impact on crashes 
Infrastructure 
Element  
Specific Measure 
Colour 
code 
Crash risk 
Crash 
frequency 
Crash 
severity 
Hot topic 
(Yes/No) 
Exposure 
2+1 roads Grey - - ↓ N 
HGV traffic restrictions Green ↓ ↓ - N 
Infrastructure 
safety 
management 
Road safety audits & inspections Light green ↓ ↓ - N 
High risk sites treatment Light green ↓ ↓ - N 
Speed limit reduction measures 
to increase road safety 
Green ↓ ↓ - N 
Dynamic speed limits Light green ↓ ↓ - Y 
Dynamic speed display signs Green - ↓ - Y 
Installation of section control & 
speed cameras 
Green ↓ ↓ - N 
Installation of speed humps Green ↓ ↓ - N 
Implementation of woonerfs Grey - - - N 
Implementation of narrowings Light green ↓ - - N 
School zones Light green ↓ - - N 
Implementation of 30-zones Green ↓ ↓ - N 
Traffic calming schemes Light green ↓ ↓ - N 
Creation of by-pass road Light green - ↓ - N 
Road surface Road surface treatments Light green - ↓ - N 
Lighting 
Installation of lighting & 
Improvement of existing lighting 
Green - ↓ ↓ Y 
Workzones 
Workzones: Signage installation 
and improvement 
Green ↓ - - Y 
Cross-section - 
Road segments 
Increase number of lanes Grey - - - N 
Increase lane width3 Grey - - - N 
Installation of median Grey - - ↓ N 
Increase median width Light green ↓ ↓ - N 
Change median type Light green ↓ ↓ - N 
Implementation of rumble strips 
at centreline 
Green ↓ ↓ - N 
Shoulder implementation 
(shoulder type) 
Light green ↓ ↓ - Y 
Increase shoulder width Light green ↓ - - Y 
Change shoulder type Grey - - - N 
Safety barriers installation; 
Change type of safety barriers 
Light green - ↓ ↓ Y 
Create clear-zone / remove 
obstacles & Increase width of 
clear-zone 
Light green ↓ ↓ - Y 
Road markings implementation4 Light green ↓ - - N 
Installation of chevron signs Green ↓ ↓ - N 
Implementation of edgeline 
rumble strips 
Light green ↓ ↓ - N 
                                                                    
3 This synopsis contains two similar topics: Cross-section – Lanes / ramps treatments / Increase lane width & Interchanges 
treatments / Increasing lane width 
4 This synopsis contains two similar topics: Cross-section – Road segments / Road markings implementation & Traffic-
control – junctions / Road markings implementation 
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Infrastructure 
Element  
Specific Measure 
Colour 
code 
Crash risk 
Crash 
frequency 
Crash 
severity 
Hot topic 
(Yes/No) 
Installation of cycle lane and 
cycle path 
Grey - - - N 
Traffic sign installation; Traffic 
sign maintenance 
Green ↓ - - Y 
Traffic control - 
Road segments 
Variable message signs Light green ↓ ↓ ↓ Y 
V2I schemes Grey ↓ - - N 
Convert at-grade junction to 
interchange 
Green ↓ ↓ - N 
Alignment-
junctions 
Channelisation Light green ↓ ↓ - N 
Sight distance treatments Green ↓ ↓ - Y 
Convert junction to roundabout 
- overall 
Light green - ↓ ↓ N 
Convert junction to roundabout 
- cyclists 
Red - ↑ - N 
Convert 4-leg junction to 
staggered junction 
Grey - - - N 
Improve skewness or junction 
angle 
Grey - - - Y 
Installation of rail-road crossing 
traffic sign 
Light green ↓ ↓ - N 
Traffic control - 
junctions 
Automatic barriers installation Green ↓ ↓ - N 
STOP / YIELD signs installation / 
replacement 
Grey - - - N 
Implementation of marked 
crosswalk 
Grey - - ↓ N 
Traffic signal installation Light green ↓ ↓ ↓ N 
Traffic signal reconfiguration Grey - - - N 
 
 
 
5.2 LIMITATIONS 
The limitations of this work should be noted. The process of allocating colour codes was related to 
both the magnitude of the safety impact observed for a measure – and the corresponding 
presence of evidence. It is possible for a measure with a light green colour code to have a greater 
impact on road safety than a measure coded green in actuality, if there was limited evidence of its 
impact recorded in the literature.  
 
Findings are limited both by the implemented literature search criteria and the quality of the 
studies identified. The specific search strategy for each measure is explained in the supporting 
document of each synopsis in the appendix. However, since this deliverable focuses on 
infrastructure, a common approach using the TRID search database was adopted since this is a rich 
source of information for research into the relationship between infrastructure design, layout and 
crashes/safety. However, TRID is an American database which may have artificially increased the 
number of American studies reviewed. Nevertheless, the studies identified were of sufficiently high 
quality to inform understanding of the measure.  
 
Due to resources constraints, a certain amount of prioritising during study coding was necessary for 
measures with many identified studies. The criteria for prioritising within each synopsis is detailed 
in the supporting document. Across all measures, priority was given to existing relevant meta-
analyses, as well as studies which considered crashes over changes in driving behaviour or effects of 
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safety performance indicators such as speeds. This approach focused on studies with the highest 
methodological quality, however, it is possible that some detail may have been overlooked by not 
considering a broad range of methodological approaches. Finally, within the considered literature, 
crash risk and crash frequency are much more commonly studied than crash severity. For some 
measures this makes it difficult (or impossible) to consider the implications for injury mitigation.  
   
5.3 NEXT STEPS 
5.3.1 Input to the SafetyCube DSS 
The coded studies and synopses for the infrastructure measures will be accessible to the users of the 
DSS. The colour code for each specific measure will be clearly presented within the DSS itself. Users 
will have the option to undertake a search of the DSS in several ways. Regardless of the type of 
search (entry point from which a user enters the DSS), the results will always be presented in a 
consistent manner. This includes one page per infrastructure element (possibly thus presenting 
more than one specific measure on the same page). On the main infrastructure element page, each 
specific measure will be presented along with its colour code.  
 
There will be options for reducing the number of specific measures presented by using a search filter 
system. By presenting specific measures grouped by infrastructure element in this way there will be 
opportunities to draw user attention to other measures they might not have considered before. For 
example, if a user wants to search for "reduction of speed limit" the results page generated would 
also give them the option to see other "Speed management & enforcement" specific measures which 
are related. From this hint users can realise that there are several effective measures to curb speed 
levels. When deciding how to allocate limited resources for improving road safety, awareness of the 
relative evidence for effectiveness of each measure is likely to assist in decision making.  
 
Moreover, the dynamic interface of the DSS will allow end users to easily navigate between risk 
factors and measures both within a road safety area (e.g. infrastructure) and between other road 
safety areas (behaviour, vehicle). The integrated Safe Systems Approach of the DSS will facilitate 
the understanding of how infrastructure related problems and solutions interact with both road user 
behaviour and vehicles. 
 
For details on the way the results in the present report will be integrated and presented in the DSS, 
please see Deliverable 8.1 of SafetyCube. 
 
5.3.2 Analysis of infrastructure measures cost-effectiveness 
 
The next step of the work in SafetyCube WP5 is to carry out Economic Efficiency Evaluation of 
selected priority road safety measures, i.e. cost-benefit analysis on the basis of the common 
methodological framework (developed in WP3) within Task 5.3. The measures that were identified 
with a green colour code will be prioritised in this analysis, followed by the measures with a light 
green colour code. Within this Task, particular focus will be put on the collection of infrastructure 
measures costs for different countries and units of implementation. 
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Appendix A  
This appendix includes all the infrastructure measure synopses that are available in June 2017. These 
will be available through the DSS when it is opened for beta-testing in the second half of 2017 to a 
restricted round of users. The synopses are intended to be living documents, periodically updated to 
reflect new research or in some cases to expand their scope. Future updates or additions to the 
synopses will be available on the project website (http://www.safetycube-project.eu/ ) and the DSS. 
The order of synopses (with a slight adaption of titles where appropriate) follows the taxonomy as in 
the Chapter 2 of the Deliverable, namely: 
 
1. 2+1 roads 
2. HGV traffic restrictions 
3. Road safety audits & inspections  
4. High risk sites treatment 
5. Speed limit reduction measures to increase road safety 
6. Dynamic speed limits 
7. Dynamic speed display signs 
8. Installation of section control % speed cameras 
9. Installation of speed humps 
10. Implementation of woonerfs 
11. Implementation of narrowings 
12. School zones 
13. Implementation of 30-zones  
14. Installation of traffic calming schemes 
15. Creation of by-pass road 
16. Road surface treatments 
17. Installation of lighting & Improvement of existing lighting 
18. Workzones: Signage installation and improvement 
19. Increase number of lanes 
20. Increase lane width 
21. Installation of median 
22. Increase median width 
23. Change median type 
24. Implementation of rumble strips at centreline 
25. Shoulder implementation (shoulder type) 
26. Increase shoulder width 
27. Change shoulder type 
28. Safety barriers installation; Change type of safety barriers 
29. Create clear-zone / remove obstacles & Increase width of clear-zone 
30. Road markings implementation 
31. Installation of chevron signs 
32. Implementation of edgeline rumble strips 
33. Installation of cycle lane and cycle path 
34. Traffic sign installation; Traffic sign maintenance 
35. Variable message signs 
36. V2l schemes 
37. Convert at-grade junction to interchange 
38. Channelisation 
39. Sight distance treatments 
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40. Convert junction to roundabout 
41. Convert 4-leg junction to staggered junctions 
42. Improve skewness or junction angle 
43. Installation of rail-road crossing traffic sign 
44. Automatic barriers installation 
45. STOP / YIELD signs installation / replacement 
46. Implementation of marked crosswalk 
47. Traffic signals installation 
48. Traffic signal reconfiguration 
 
1 
 
Synopsis 1: 2+1 roads 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
2 
 
1 Summary  
Hesjevoll, I.S., April 2017. 
 
 
COLOUR CODE: GREY 
Explanation: Implementation of 2+1 roads appears to reduce severe and fatal injuries, but only two 
studies were identified.  
 
KEYWORDS 
2+1 roads; median barrier; rural road 
 
1.1 ABSTRACT 
This concerns implementing a 2+1 road design on previously two-lane roads, i.e. a road design with 
three lanes, where the middle lane alternates as a passing lane for the two opposing directions. 2+1 
roads with median barrier (cable) are found to reduce the rate of severe and fatal injuries by about 
51-63 %, depending on the road type and speed limit. However, the effect on less severe injury rates 
is smaller and in some cases is not significant. This finding occurs when the measure is implemented 
at previously wide two-lane roads (13 m) and when narrow roads (9m) are widened at certain 
sections to allow for the alternating passing lanes. The reviewed studies are limited in number and 
do not control for relevant confounding factors, so the results should be interpreted with care and 
should not be overestimated. The effect of 2+1 roads without median barrier is not clear. 
 
1.2 BACKGROUND 
1.2.1 What are 2+1 roads?  
A 2+1 road consists of three driving lanes, two in one direction and one in the opposite direction. The 
middle lane alternates between one direction and the other (typically every 1-2.5 km), allowing for 
alternate opportunities for overtaking (see Figure 1). The opposing traffic flows are often separated 
by a median barrier, but in some cases, 2+1 roads are divided by means of road markings only. The 
design is typically implemented on wide two-lane roads (13 m, mostly rural motorways), rendering 
narrower shoulders and/or driving lanes. Alternatively, 2+1 roads have been implemented on narrow 
roads (9m) where the road has been widened at certain sections to allow for the alternating passing 
lanes.  
 
 
Figure 1. Illustration of 2+1 road design. 
 
1.2.2 How do 2+1 roads affect road safety? 
2+1 roads with median barriers prevent head-on collisions on rural roads, which previously 
accounted for a notable share of fatal road accidents in Sweden. In principle, installing median 
3 
 
barriers is primarily expected to reduce the severity of accidents, especially fatal accidents, (by 
preventing vehicles crossing into the opposing lane), rather than reducing the number of accidents 
(vehicles might still collide with the median barrier). It should also be noted that 2+1 roads with 
median barriers might limit the passing of emergency vehicles. The mechanism by which 2+1 
designs without median barriers affect road safety is not known, but it might be related to the 
provision of safe(r) opportunities for overtaking. Further information on the effect of median 
barriers on road safety may be found in the synopsis on median barriers. 
 
1.2.3 What road safety outcomes are affected by 2+1 roads? 
The reviewed studies investigated how the implementation of 2+1 roads affect injury rates for 
different degrees of injury severity (e.g. number of fatalities per million axle pair km).  
 
1.2.4 How is the effect of 2+1 roads on road safety studied? 
In the first of the reviewed studies, the implementation of 2+1 roads on former two-lane roads is 
evaluated in before-after studies with a control group. For the second study, it is not quite clear 
whether the design is before-after or cross-sectional. In both studies, however, injury rates for the 
converted road sections are compared with accidents rates of similar road sections that have not 
been converted. It should be noted that in at least one of the studies, implementation of the 2+1 
design co-occurs with numerous other road improvements, which are not controlled for.  
 
1.3 OVERVIEW OF RESULTS 
Only two evaluation studies were identified and reviewed for 2+1 roads. Their main results are 
summarized as follows: 
 
1.3.1 Main results  
The studies show that the implementation of 2+1 roads with cable barrier in the median: 
• Reduces the rate of severe and fatal accidents on rural roads by approximately 50-60 % 
• Have an uncertain effect on the rate of less severe injuries. Estimates range from +8 % (not 
significant) to -29%. 
• Appear to be effective in reducing accidents on links (road sections between intersections/ 
junctions), but less so at intersections/junctions. 
• Appears less effective in reducing injury rates on roads with higher speed limits (110 km/h) 
than on 90 km/h roads. It is, however, not clear whether this difference is statistically 
significant. 
 
1.3.2 Transferability 
Formal evaluation studies from countries other than Sweden were not identified, and evaluation 
studies are only based on rural roads with speed limits of 90-110 km/h. 
 
1.4 NOTES ON ANALYSIS METHODS 
The reviewed studies are limited in scope, and prone to some notable biases. For instance, the 
effects in at least one of the studies is likely confounded by the concurrent implementation of other 
road improvements, and only one study accounted for general trends and regression to the mean. 
While such biases imply that the results should be interpreted with care and might be 
overestimated, the mere size of the effects indicate that the measure has a beneficial effect, 
especially on severe and fatal accidents, and it is a relatively low-cost approach to limiting the scope 
of frontal collisions on rural roads.  
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2 Scientific overview  
 
 
2.1 LITERATURE REVIEW 
 
Problem and objective of 2+1 roads in the Swedish context 
The implementation of the 2+1 road design in Sweden was motivated by the frequently occurring 
severe and fatal accidents occurring on rural roads. These crashes were often head-on collisions, and 
occurred as one driver lost control of the vehicle and entered the opposing direction (Carlsson, 2009; 
Vadeby et al., 2015). Thus, the main purpose of the 2+1 road design is to reduce the extent of 
damage and injury in the event of an accident, by preventing accidents that involve crossing the 
median. The measure is also considered a relatively low-cost means of upgrading the road, 
compared to other measures such as constructing a motorway. 
 
Variations of the 2+1 road design 
In Sweden, 2+1 roads with median (cable) barriers have been implemented on several road types, all 
with speed limits of 90-110 km/h. These road types include: 
• Expressways, which were previously 13 m wide 2-lane motorways with interchanges, where 
bicyclists, pedestrians and slow moving vehicles are not allowed.  
• Semi-motorways with at-grade intersections, occasional roundabouts, and access 
roads/driveways. 
• Narrow roads (9 m), where the road is widened at certain segments to allow for the 
additional passing lane.  
 
On the regular/wide 2+1 roads, the share of passing lanes is approximately 40 %, as opposed to 
15-30 %, on narrow 2+1 roads.  
 
A 2+1 design without a median barrier (i.e. where the opposing directions are separated by means of 
road markings only) is common in some countries (e.g. Germany, Denmark) and is also 
implemented in Sweden, although to a lesser degree than the barrier separated version. Studies 
evaluating the effect of this design on road safety were not identified1. 
 
Associations with speed, rut depth growth and traffic composition.  
On two road segments where travel speed was investigated before and after the implementation of 
2+1 road design, Carlsson (2009) found that the average travel speed for passenger cars increased 
by 2 km/h for roads with a speed limit of 90 km/h, and 5 km/h for roads with a speed limit of 
110 km/h. 
 
In the evaluation of narrow 2+1 roads (Vadeby et al., 2015), it was found that rut depth growth was 
consistently higher than for conventional roads. Both the AADT (Annual Average Daily Traffic) and 
the share of HGVs were important factors in explaining rut depth growth. For AADTs under 8000 
                                                                 
1 Limited evaluations are available from Carlsson (2009) and from Vadeby and colleagues (2015). However, due to the 
limited scope of these measures, and as noted by the authors, these results are uncertain and have thus not been 
considered in this synopsis. Other studies on the topic were considered but not coded due to methodological issues – see 
supporting document for details. 
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vehicles, rut depth growth was 10-15 % higher than for conventional roads, and for AADTs of 8000 
and above, the difference amounted to around 25 %. The authors note that the share of HGVs is 
important in considering the construction of a narrow 2+1 road. They also recommend that the 
share of HGVs is considered when determining the length of overtaking lanes (Vadeby et al., 2015). 
 
Effects on links and on nodes.  
Both studies provided separate estimates for effects on links (road sections between 
intersections/interchanges) and links + nodes (interchanges/intersections/roundabouts). One study 
also provided estimates for effects on nodes only (Vadeby et al., 2015). The general trend from these 
estimates is that 2+1 roads are more effective in reducing crashes on links (including access roads for 
some road types) than on nodes/links and nodes combined. In the study of Vadeby et al. (2015), in 
most instances crash rates on nodes were found not to be statistically significant, or to increase. 
However, as no statistical comparison of links and nodes are provided in either study, the size of the 
difference, and whether the difference is statistically significant, is not known. 
 
 
2.2 DESCRIPTION OF STUDIES 
2.2.1 How is the effect of 2+1 roads studied? 
In the Swedish evaluation studies, the safety impact of implementing 2+1 roads was estimated 
based on injury rates (number of injuries per million axle pair kilometres) and FSI rates (number of 
fatal or severe injuries per million axle pair kilometres). 2+1 road design was implemented on roads 
that previously had one lane in each direction. To allow for the alternating passing lane, the 
shoulders and lanes are narrowed (Carlsson, 2009), or the road was widened at certain sections 
(Vadeby et al., 2015). 
 
In both studies, the control condition to which the 2+1 converted road sections are compared, is a 
national “normal quota” of accident rates for similar road types that were not converted to 2+1 
roads. In the study of Carlsson (2009), these normal quotas are based on 13m roads from 1993-2005, 
and are used to predict the expected accident rates had the reconstruction not been implemented. It 
is not clear whether the investigated road segments were also included in the estimation of the 
normal quota before their conversion to 2+1 roads. More generally, limited detail is provided about 
the evaluation in this study, which confounds the interpretation of the results. 
 
Carlsson (2009) notes that upon reconstructing existing roads into 2+1 roads, many other road 
improvements were made to different, but in many cases, extensive degrees. This included 
improving and increasing (oncoming) ramp length, improvements on the side of the road, 
improvements in paving and road making, and improving the operating standard especially in 
relation to winter maintenance. Additionally, for the 2+1 road type with junctions, junction layout 
was improved, as were the access points, and the number of access points was reduced. The issue of 
additional road reconstruction activities implemented in conjunction with 2+1 roads is not 
mentioned by Vadeby et al. (2015), rendering it unclear to what extent this might be a confounding 
factor.  
 
The study of Vadeby and colleagues (2015) is a before-after study, with the same control condition 
(normal quotas) as the study by Carlsson (2009). In the evaluation by Vadeby and colleagues (2015), 
general trends in road safety are accounted for. Regression to the mean is accounted for in cases 
when accident quotas deviated from the “normal quota”.  
 
 
6 
 
Table 1. Sampling frames and measure details 
Study Evaluation 
time frame 
Sample of roads 
(before) 
Road 
characteristics 
(before) 
Measure 
Carlsson, 
2009, 
Sweden 
June 1998-July 
2006 (Dec 2007) 
58 rural road 
segments, total 
length about 
1750 km, 
approximately 
70 % of Swedish  
2+1 roads as of 
2007.  
13-14 m wide, 
speed limits of 
90-110 km/h.  
 
Shoulders and/or lanes 
narrowed to allow for 2+1 
design with median 
barrier. Additional 
measures implemented to 
varying degrees. Speed 
limits mostly unchanged. 
Vadeby et 
al., 2015, 
Sweden 
2003-2014, 
excluding 
implementation 
period (1 year) 
15 rural road 
segments with a 
total length of   
105 km (traffic 
volume 204 mill 
veh/km) 
9-10 m wide, 
speed limit 
90km/h. 
 
Road is widened at certain 
sections to allow for 2+1 
with median barrier. 
Speed limit increased from 
90 to 100 km/h. Unclear to 
what extent other 
measures were 
implemented. 
 
 
 
2.2.2 How well has the effect of 2+1 roads been studied? 
Only two studies (both from Sweden) were reviewed.. In at least one of the studies, implementation 
of the 2+1 road design was accompanied by various other road reconstruction measures. Hence, the 
results should be interpreted as the result of several measures combined. As noted in one of the 
reports (Vadeby et al., 2015), further investigations of the measure are warranted. There is 
insufficient evidence to conclude whether 2+1 roads with median barriers mainly reduce the severity 
of accidents or whether the total accident numbers are affected. There is limited information on 
how the measure affects different types of road users (e.g. HGVs, PTWs), and the effect of 2+1 roads 
without median barriers is not known. 
 
 
2.3 DESCRIPTION OF ANALYSIS CARRIED OUT 
Since the limitations of the available studies restrict the degree to which one can trust the numeric 
results to be reliable, meta-analysis was not considered appropriate for this topic even though the 
type of effect estimates is similar in the studies reviewed. Furthermore, for many of the estimates 
provided in these studies, insufficient information was provided to calculate the statistical weights 
that are necessary to conduct a meta-analysis. The results of the 2 studies reviewed for 2+1 roads 
are therefore summarized below by means of a vote-count analysis. 
 
2.3.1 Vote-count analysis of the effect of 2+1 roads on injury rates 
In this vote-count analysis, a vote could take three different values:  
• An increase in accident rate (↗). 
• No relationship (-) 
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• A decrease in accident rate (↘) 
 
All estimates are for injury rates (number of injured road users per million axle pair kilometres).  
 
Table 2. Effects of 2+1 roads on road safety by accident severity and speed limit. 
 Estimates Results (n estimates) Results (% of estimates) 
  n  -  ↘  -  ↘  
Speed limit      
110 2 1 1 50 50 
100 2  2  100 
90 2  2  100 
Severities      
Person 
injuries 
3 1 2 33 66 
FSI rate 3 0 3 - 100 
Note: * The summarized estimates are for the full road sections, not distinguishing 
intersections/junctions from the remaining road, in accordance with what was coded for the repository.  
 
The results, displayed in table 2, show that the implementation of 2+1 roads is associated with 
lower, although in some cases not statistically significant changes in injury rates. The results for 
severe and fatal injury rates are more consistent in terms of direction and statistical significance 
than are the results for less severe injuries. Generally, 2+1 roads are found to reduce the rates of 
severe and fatal accidents by 50-60 %, while the effect on rates of less severe injuries range from an 
8 % increase to a 29 %  decrease. As is also seen from table 2, 2+1 roads are not always found to 
reduce injury rates at roads with speed limits of 110 km/h. 
 
A note on effects on severity versus frequency of crashes. The results of the reviewed studies 
mainly focused on severe and fatal accidents. Effects on damage only crashes were considered, but 
due to the degree of uncertainty associated with these data (more underreporting, change in 
reporting procedure during study period), they were not considered in the vote-count analysis. 
However, findings of Carlsson (2009) indicate that the rate of less severe accidents may have 
decreased a smaller amount, or even increased, after implementation of 2+1 road design. 
 
2.4 CONCLUSION 
Two primary studies were reviewed and summarized. The main finding is that implementing 2+1 
roads appears to improve road safety, especially by reducing the rates of fatal and severe injuries. 
While the evaluations studies find the effects of the measure to be very large, these estimates may 
be somewhat inflated by methodological challenges. The effect of 2+1 roads without a median 
barrier is not known, nor is the extent to which the results are transferable across countries or 
whether they vary between road users. 
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3 Supporting document 
 
 
3.1 METHODOLOGY 
3.1.1 Literature search strategy 
The databases Science Direct, TRID and Taylor & Francis, Web of Science, and Springer Link were 
used to identify relevant studies for 2+1 roads. Since the searches returned few relevant results, an 
additional search was performed in Google Scholar. Additionally, the Handbook of Road Safety 
Measures was screened for relevant studies. The Handbook of Road Safety Measures includes a 
chapter of 2+1 roads that was updated in 2011. This chapter is based on an extensive literature 
search for publications relating the measure to road safety. Therefore, the systematic literature 
search was limited to 2010 and later in the following. The chapter on 2+1 roads in the Handbook of 
Road Safety Measures did not contain a meta-analysis, and among the studies included in this 
chapter, only studies that met the criteria below were reviewed for this synopsis. 
 
Publications in English, Swedish, Danish and Norwegian were considered. Studies were screened for 
relevance based on title and abstract, and publication lists of relevant studies were screened for 
additional relevant studies. Due to a lack of peer-reviewed journal articles, the search also included 
conference papers and research reports.  
 
Attempts at searching in the TRID database proved to be unhelpful, as “+” could not be included in a 
search term, and no relevant studies were identified using “plus”.  Searches conducted excluding 
“plus” and “+” returned unmanageable numbers of irrelevant hits. 
3.1.2 Principles 
Limitations/exclusions for search in all databases: 
• Title-ABSTR-KEY 
• English, Norwegian, Danish or Swedish language  
 
3.1.3 Search terms and hits 
Database: Science Direct   Date: 15th of March 2016  
search 
no. 
search terms / operators / combined queries hits 
#1 TITLE-ABSTR-KEY(2+1 road) and TITLE-ABSTR-KEY(safety OR crash OR 
accident OR injur* OR risk ). 
4914 
 TITLE-ABSTR-KEY("2+1 road*") and TITLE-ABSTR-KEY(safety OR crash 
OR accident OR injur* OR risk ) 
2 
 
Database: TRID (trid.trb.org) Date: 17th of March 2016  
search 
no. 
search terms / operators / combined queries hits 
#1 Two plus one road 184 
#2 2+1 road  0* 
#3 (2 1 road) and (safety) 15000 
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*”+” was not possible to use in a search term in this database. 
 
("2+1 road") – Taylor & Francis – 8 irrelevant results 
 
 
Database: Web of Science Date: 17th of March 2016  
search 
no. 
search terms / operators / combined queries hits 
#1 2+1 roads  47 
 ("2+1 road") and (safety OR accident OR risk OR injur* OR crash) 20 
Limitations: English language, published 2011 or later, in the field of engineering. 
 
 
Database: Springer Link Date: 17th of March 2016  
search 
no. 
search terms / operators / combined queries hits 
#1 ("2+1 road") and (safety OR accident OR risk OR injur* OR crash) 
 
20 
 
Google scholar 
search 
no. 
search terms / operators / combined queries hits 
#1 ("2+1 road*" OR "two plus one road*") AND (safety OR experience* OR risk 
OR accident* OR injur* OR crash*) 2010 and later. 
 
325 
 
3.1.4 Screening and eligibility 
One possibly relevant publication could not be obtained, and a total of 8 publications were obtained 
and screened. The following elimination criteria were applied: 
• No crash data or safety evaluation 
• Incomplete description of measure (not clear if there was a median barrier or not) 
• No description of how the evaluation was conducted  
• Duplicate publications on the same evaluation/data  
 
Finally, 1 study could not be accessed. The 2 remaining publications were coded.  
 
 
Studies screened and not coded (see elimination criteria) 
 
Berg, T., Carlsson, A., & Moberg, J. (2005). 2+1 Roads with Cable Barriers--A Swedish Success Story 
from 3rd International Symposium on Highway Geometric Design, June 29-July 1, 2005, Chicago, 
Illinois: Compendium of Papers CD-ROM   
 
Cafiso, S. (2015). Investigating the influence on safety and traffic performance of 2+1 road sections 
in Poland. 5th International Symposium on Highway Geometric Design, June 22-24, 2015, 
Vancouver, Canada 
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Choi, J., Kim, Y., Bergh, T., Kim, S., & Kim, S. (2016). Sustainable Design of Rural Roads with 2+1 
Road Design: Levels of Service and Traffic Flow Performance. KSCE Journal of Civil Engineering, 20, 
1032-1039. 
 
Lee, S. K., Kim, Y. R., Moon, J. P., sung Choi, J., & Kim, T. H. (2010, June). Operational Analysis of 2+ 
1 Roadway and its Use in Developing Geometric Design Standards in South Korea. In 4th 
International Symposium on Highway Geometric Design. 
 
Munehiro, K., Takemoto, A., Takahashi, N., Watanabe, M., & Asano, M. (2012). Performance 
evaluation for rural two-plus-one-lane highway in a cold, snowy region. Transportation Research 
Record: Journal of the Transportation Research Board, (2272), 161-172. 
 
Sandle, I., Aspinall, B., Hasen, D., & Smart, J. (2005). Wide single 2+ 1 Carriageways in the UK. 
Presented at 3rd International Symposium on Highway Geometric Design. June 29-July 1, 2005, 
Chicago, Illinois 
 
 
Coded studies 
Carlsson, A. (2009). Carlsson, A. (2009). Uppföljing av mötesfria vägar. Slutrapport. [Evaluation of 
2+1 roads with cable barrier. Final report]. VTI report 636. 
 
Vadeby, A., Anund, A., Ekström, C., Gustafsson, S., Lundberg, T., Olstam, J., & Tapani, A. (2015). 
Säker framkomlighet [safe accessibility]. VTI report 898. 
 
 
Note: English, less detailed versions of the reviewed publications may be found in the following 
publications:  
 
Vadeby, A. (2016). Traffic safety effects of narrow 2+ 1 roads with median barrier in Sweden. In 17th 
International Conference Road Safety On Five Continents (RS5C 2016), Rio de Janeiro, Brazil, 17-19 
May 2016. Statens väg-och transportforskningsinstitut. 
 
Carlsson, A. (2009). Evaluation of 2+1 roads with cable barrier. Final report. VTI report 636A. 
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1 Summary 
Quigley, C, June 2017 
 
 
 
Colour Code – Green 
The results showed that overall, accident rates and vehicle speeds reduce when HGV traffic (lane) 
restrictions are implemented. The results are statistically significant in the majority of cases. 
However, one study did not undertake statistical analysis on all of the results. Most results showed 
speed reductions and lower accident rates but these did not reach statistical significance. The 
findings suggest that overall HGV lane restrictions do improve safety. 
 
Keywords 
Truck, lorry, heavy goods vehicle, HGV, large goods vehicle, lane restriction, speed restriction, 
overtaking, peak time, height restriction, countermeasure, accidents, vehicle speeds. 
 
1.1 ABSTRACT 
HGV traffic restrictions can be defined as restrictions to lanes, speeds, times or height. In this 
synopsis, only studies relevant to HGV lane restrictions were used. Restrictions can affect road 
safety positively by improving traffic flow and reducing HGVs overtaking. HGV lane restrictions were 
investigated by analysing the results of four studies, two before-after studies, one meta-analysis and 
one simulation study.  The aim was to identify whether restrictions affect vehicle speeds and/or 
accident numbers. The results found that, overall, HGV lane restrictions did result in reduced speeds 
and accident numbers.  In most studies, the results were statistically significant, including on 
restricted and adjacent lanes. Where the results were not significant or significance was unknown, 
reductions in accident rates and speeds were still seen. This topic has been studied across a confined 
number of conditions and countries (USA only), so the transferability of the results is limited. Overall 
the results did not show any increases in vehicle speeds or accidents, which indicates that HGV lane 
restrictions are an effective safety measure. 
 
1.2 BACKGROUND 
1.2.1 How are HGV traffic restrictions defined? 
HGV traffic restrictions can be defined in a number of ways. To help search for appropriate 
literature, a list of possible ways HGV traffic could be restricted was made using a general internet 
search.  The search revealed the following: lane restrictions (e.g. prohibited from certain lanes on a 
multi-lane road), speed restrictions (e.g. limited to certain speeds on specific roads), overtaking 
restrictions (e.g. no overtaking on multi-lane roads), peak time restrictions (e.g. lane use or 
overtaking restricted to peak times), and height restrictions (e.g. for low bridges).  Unfortunately, 
the literature search for this synopsis, yielded only studies investigating HGV lane restrictions. 
Consequently, although this topic is titled ‘HGV traffic restrictions’, the results are confined to the 
effect of HGV lane restrictions rather than broader HGV traffic restrictions. 
 
1.2.2 How can HGV traffic restrictions affect road safety? 
HGV traffic (lane) restrictions can affect road safety in a positive way by potentially enabling an 
improved traffic flow and less overtaking by large vehicles.   Overtaking by large vehicles has been 
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shown to lead to an increased accident risk caused by sudden braking in traffic and more lane 
movement (Fitch & Hankey, 2012).  
 
1.2.3 Which safety outcomes are affected by HGV traffic restrictions? 
The two main safety outcomes affected by HGV traffic (lane) restrictions are accident rates and 
vehicle speeds. Other literature which considered traffic flow as a potential safety outcome was also 
found.  However, it was either not before/after data and/or no statistical analysis was undertaken on 
the results. Therefore, it was decided to focus on the two main safety outcomes as analysing the 
traffic flow data would add very little to the results. 
 
1.2.4 How is the effect of HGV traffic restrictions studied? 
The effect of the introduction of HGV traffic (lane) restrictions is generally studied by choosing a 
number of roads where HGV lane restrictions have been implemented and looking at the accident 
rates and vehicle speeds, for a set time prior to, and after implementation.  The data is analysed to 
see if accident numbers and/or speeds have reduced since introduction of the restriction. Three 
studies looked at a group of roads across a city/state, with the fourth looking at one road only. Two 
studies were before-after studies, one was a meta-analysis and the fourth study was a simulation 
study.  The data was then examined using absolute differences in accidents or mean speeds before 
and after introduction of the restrictions. Chi-squared tests, ANOVA and t-tests were used for 
statistical analysis. 
 
1.3 OVERVIEW OF RESULTS 
Overall, the results across the four studies showed that the introduction of HGV traffic restrictions, 
more specifically lane restrictions, reduces the occurrence of accidents and reduces vehicle speeds. 
In the two studies where accident data was recorded, including the meta-analysis, reductions in 
accidents were seen.  In the meta-analysis, the reductions were only statistically significant when 
looking at all accidents on all lanes; statistical significance was not reached for the reduction in 
accidents specifically on the lanes closed to HGVs.  
 
Vehicle speed data was recorded in three studies. In one study, significant reductions in speed were 
found on both the adjacent lane and the restricted lane. In the second (the simulation study), 
reductions were recorded on 3, 4, and 5 lane carriageways and when there were higher percentages 
of trucks ( 20%) and a higher number of restricted lanes (2 opposed to 1). In the final study, 
significant reductions in mean speeds for all vehicles across all lanes were found, but it was not 
known whether the reductions seen specifically for mean passenger vehicle and truck speeds were 
statistically significant. 
 
1.4 NOTES ON ANALYSIS METHODS 
In one of the studies (Fontaine et al.,2009), it is not known whether the reductions for mean 
passenger vehicle speeds and mean truck speeds seen after the introduction of the HGV lane 
restrictions were significant.  
 
In terms of transferability, this topic appears to have been investigated across very few conditions, 
with only basic information available regarding the effects on speeds of different vehicle types 
(Fontaine et al., 2009) and lane type (Hanscom, 1990).  There is also limited information on lane 
involvement and restriction type and the effect on accident numbers (Høye, 2010; Jo et al., 2002; 
Fontaine et al., 2009). Finally, the data from all four studies in this synopsis, including the 
meta-analysis, were from the USA, so it is unknown whether similar results would be found in other 
countries across Europe and the rest of the world. 
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2 Scientific Overview 
 
 
2.1 LITERATURE REVIEW  
2.1.1 DESCRIPTION OF AVAILABLE STUDIES 
 
Four studies were selected as appropriate for inclusion in the synopsis for the measure of “HGV 
traffic restrictions”, including one meta-analysis, two before-after studies and one simulation study. 
All four studies looked at sites where lane restrictions had been introduced to restrict the 
movements of HGV across one or more lanes on multi-lane roads, normally in order to try to help 
improve traffic flow. The aim in this synopsis was to see whether introducing the HGV lane 
restrictions also helped to improve safety for the road users using these multi-lane roads, by 
reducing accident numbers and/or vehicle speeds. Therefore, across the four studies, differences in 
accident data (2 studies) and vehicle speed data (3 studies) before and after the lane restrictions had 
been implemented were analysed. 
 
In addition to looking at ‘all’ accidents in the two studies which included accident data, accident data 
specifically on the lane(s) closed to HGVs was analysed. For the three studies where speed data was 
analysed, passenger vehicle speeds and HGV speeds were analysed alongside ‘all’ speeds, as well as 
the speeds on the restricted lane and the adjacent lane.  
 
The data from all the studies originated from the USA. The specific before and after data collection 
time periods were not available for any of the studies.   
 
Results were either provided as absolute differences in accident rates or mean speeds, and where 
statistical analysis was undertaken, t-tests, ANOVA and Chi-squared tests were used.  
 
Table 1 shows the overview of these coded studies. 
 
Table 1: Descriptions of coded studies on HGV traffic restrictions 
Author,  
Year, 
Country 
Sample, method/design  
and analysis 
 
Reference 
group 
Additional 
information on 
analysis 
Høye, (2010), 
USA 
Fixed–effects meta-analysis on the 
effects of HGV traffic restrictions on 
accident numbers, bringing together 
the data from 3 studies (6 estimates 
total). 
Percentage change in the 
number of accidents before 
and after implementation 
of HGV lane restrictions. 
 
Statistical analysis 
undertaken but exact tests 
used unknown. 
Number of 
accidents before 
implementation of 
HGV lane 
restrictions. 
Changes in the number 
of accidents was 
analysed for both all 
lanes and for the lane 
closed to HGVs. 
Fontaine et al. 
(2009), USA 
Before-after study, with collated 
accident and speed data from up to 25 
sites where HGV lane restrictions 
were implemented (10 sites for 
speeds) in Virginia, USA across two 
periods of time (2004 and 2007). 
‘Before’ data was accident data before 
either lane restrictions was 
Net change in the number 
of accidents and mean 
vehicle speeds before and 
after implementation of 
HGV lane restrictions. 
 
For accident numbers, as 
the ‘after’ period was 
Net number of 
accidents and 
mean speeds 
before the 
implementation of 
the HGV lane 
restrictions 
For analysing the 
accident data, the ’after’ 
data used were predicted 
accident rates 
“generated assuming 
that trends from the 
“before” period were 
carried through to the 
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Author,  
Year, 
Country 
Sample, method/design  
and analysis 
 
Reference 
group 
Additional 
information on 
analysis 
implemented at each site (either 2004 
or 2007) and ‘after’ data was accident 
data after a lane restriction was first 
implemented (either 2004 or 2007).  
sometimes different to the 
before period, the 
difference between 
‘observed’ and ‘expected’ 
accident numbers for the 
equivalent ‘after’ period 
was also investigated. 
 
An empirical Bayes analysis 
was carried out and 
ANOVA and t-tests were 
undertaken. 
“after” period at the 
same levels, adjusted for 
exposure time”, as the 
after period was shorter 
than the before period. 
For speeds, passenger 
vehicle and truck speeds 
were analysed as well as 
all speeds’. 
Hanscom 
(1990), USA 
Before-after study, with vehicle speed 
data from 1 site near Chicago, Illinois, 
USA. Exact times/duration of data 
collection is not given. 
Changes in mean vehicle 
speeds vehicles before and 
after implementation of 
HGV lane restriction. 
 
Chi-squared tests were 
undertaken. 
 
 
Mean vehicle 
speeds before 
implementation of 
HGV lane 
restriction. 
Changes in mean vehicle 
speeds were analysed for 
both the restricted lane 
and for the adjacent 
lane. 
 
Data was also recorded 
at control sites on the 
same road as the test 
site, but without the lane 
restrictions, to compare 
before/after speed data 
when no restrictions 
were present with 
before/after data when 
they were present. 
Jo et al. 
(2002), USA 
Simulation study, but with some 
before-after study characteristics, 
with speed data from across a number 
of simulated HGV lane restrictions on 
3 4 and 5 lane carriageway roads, with 
a total of 1701 scenarios simulated.  
Change in the average 
speeds recorded on 
simulated, 3, 4 and 5 lane 
freeway roads before and 
after introducing the HGV 
lane restrictions to the 
simulation. 
 
T-tests were undertaken. 
Average speeds 
recorded before 
introducing the 
HGV lane 
restrictions to the 
simulation. 
Confidence intervals and 
standard errors are not 
documented in the 
study, which is a 
limitation. 
 
 
 
2.1.2  STUDY RESULTS 
 
The results across all four studies showed that overall, the implementation of HGV lane restrictions 
do reduce accident rates and vehicle speeds. Where statistical analysis was carried out, significant 
results were found for mean speeds for all vehicles, for mean speeds on restricted and adjacent 
lanes, on 3, 4, and 5 lane roads, and for all accidents on all lanes. 
 
Høye (2010) is a fixed-effects meta-analysis on the effects of HGV traffic (lane) restrictions on 
accidents. When one lane is closed for HGVs, accidents in all lanes are significantly reduced by 47 % 
and in the lane without HGV traffic, accidents were found to be reduced by 13 %, but this was not 
significant. 
 
Fontaine et al. (2009) undertook a before-after study from up to 25 sites across Virginia, USA, where 
truck lane restrictions (i.e. left lane restrictions) had been introduced during 2004 (trucks travelling 
below 50mph) and 2007 (trucks travelling below 65mph). The study investigated accidents and 
vehicle speeds and found that mean speeds overall decreased significantly. When both passenger 
vehicle speeds and truck speeds were looked at separately, they were also found to have decreased 
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after the truck lane restriction was introduced, but the statistical significance of these reductions was 
not known. For accidents, the number of accidents at sites where the ‘2004’ sign had been 
introduced was 11 less than before, while at sites where the ‘2007’ sign was introduced, the 
reduction was 68.3.  However for the ‘2007’ figures the ‘after’ period was shorter than the ‘before’ 
period, so when the numbers are adjusted to allow comparison, it was found to be 3.3 times more 
than expected value? . When all sites were considered (‘2004’ & ‘ 2007’ signs), there were 3 more 
accidents after the lane restrictions were introduced than before, but when taking into account 
differences in the before and after data collection periods, this was 13 less than expected. 
 
Hanscom (1990) conducted a before-after study which investigated vehicle speeds at a site in Illinois, 
USA, before and after a HGV lane restriction. Mean speeds on both the restricted lane and the 
adjacent lane were significantly reduced after the introduction of the lane restriction. However, 
significant speed reductions were also found at control sites (similar sections of road on the same 
road, but without the lane restrictions), which implies that the reduction in speeds was due to 
another factor (e.g. increased traffic volume recorded at all sites after introduction of the lane 
restrictions at the test sites). 
 
Jo et al. (2003) was a simulation study from the USA which looked at the effect of vehicle speeds 
(among other effects) on HGV lane restrictions on 3, 4 and 5 lane carriageway roads. It was found 
that HGV restrictions resulted in a significant decrease in vehicle speeds across 3, 4 and 5-lane roads. 
Significant speed reductions were also found to occur when there were high truck percentages (20%) 
and a larger number of restricted lanes (2 lanes as opposed to 1). 
 
Table 4 in the supporting document presents an overview of the information on the main outcome 
of coded studies on HGV traffic (lane) restrictions. 
 
2.1.3 META ANALYSES OF DATA FOR IMPLEMENTATION OF HGV TRAFFIC 
RESTRICTIONS 
Table 2 outlines the main results of the existing meta-analysis of the 3 HGV traffic restrictions 
studies undertaken by Høye (2010). 
 
Table 2 Fixed effects meta-analysis for HGV traffic (lane) restriction effects on percentage accident occurrence 
(Høye, 2010) 
Variable Estimate 95% CI 
Statistically 
significant? 
HGV lane restrictions   
 (all accidents on all lanes) -47% (-58%, -33%) Y 
HGV lane restrictions (accidents 
on lanes closed to HGVs) -13% (-31%, 11%) N 
 
2.2 DESCRIPTION OF ANALYSIS CARRIED OUT 
Due to the variance between individual reported effects in the papers and differences in the types of 
implemented HGV lane restrictions, it was decided the best way to evaluate the four papers would 
be through a vote-count in addition to the meta-analysis. The overall results of the meta-analysis 
were included in this vote-count. 
 
Table 3 shows the results of the vote-count analysis for the four studies included in this synopsis. 
Care was taken to ensure that data was not counted twice from the same study. For example, in 
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each study, if overall (‘all accidents’ or equivalent) results were included, then sub-groups of 
accidents (e.g. pedestrian crashes) were not.  
The table shows that 75% of the studies (n=4) conclude overall reduced risk (and therefore increased 
safety) when HGV lane restrictions are introduced, whereas in one study, non-significant outcomes 
were seen for accident rates. 
 
Table 3: Vote count result of comparing “HGV traffic restrictions” studies in terms of accident rate 
and vehicle speeds 
Outcome 
definition 
Tested in 
no. of 
studies 
Result (no. of 
studies) 
Result (% of 
studies) 
Result (no. 
of effects) 
Result (% of 
effects) 
↑ - ↓ ↑ - ↓ ↑ - ↓ ↑ - ↓ 
Accident rate 2 - 1 1 - 50% 50% - 2 1 - 67% 33% 
Vehicle speeds 3 - - 3 - - 100% - - 6 - - 100% 
Total 4* - 1 3 - 25% 75% - 2 7 - 22% 78% 
* One study investigated both accident rates and vehicle speeds 
 
When analysing the number of effects, the results indicate that 33% (n=3) of the reported effects led 
to a significant decrease in accident rate. For vehicle speed, it was 100% (n=6).   
  
In Fontaine et al. (2009), the statistical significance of the accident data was not reported. This 
slightly weakens the effect of the significant results found in the meta-analysis (Høye, 2010) when 
they are looked at together in this vote count. However, there were no studies found which had any 
results that showed a significant increase in vehicle speeds or accidents when the HGV lane 
restriction was implemented.  These findings infer, that overall HGV lane restrictions did not lead to 
less safe road conditions. 
 
2.3  CONCLUSION 
 
Overall, it was found that the introduction of HGV lane restrictions appears to affect safety in a 
positive way. Furthermore, in the studies reviewed, their introduction lead to overall reduced vehicle 
speeds and to a lesser degree, accident numbers.  
 
As well as accidents on all lanes, accidents specifically on the restricted lane were analysed in the 
meta-analysis by Høye (2010). A reduction was seen after lane restriction implementation, but 
unlike accidents across all lanes, this reduction was not statistically significant. This finding implies 
that HGV lane restrictions have a greater impact on accident rates in adjacent lanes. A further study 
which investigated accident numbers (Fontaine et al., 2009), looked at two types of lane restriction. 
The first (in 2004) restricted trucks from the left lane if traveling at 50 mph or below and the second 
in 2007, signs were introduced which restricted trucks from the left lane if traveling at 65 mph or 
below.  Although results were not statistically significant, these interventions did show greater 
reductions in accident numbers when the ‘2004’ lane restriction sign was put in place than when the 
‘2007’ lane was implemented. 
 
Vehicle speeds were significantly reduced both when looking across all vehicles and all lanes 
(Fontaine et al., 2009), and also when looking separately at lanes with the restriction and the 
adjacent lane (Hanscom, 1990). However, it was observed in Hanscom that speeds also significantly 
reduced on equivalent control sites indicating that the speed reductions could be due to another 
 Safety Cube |Synopsis on Traffic composition - HGV Traffic Restrictions | WP5 
 
factor rather than just lane restriction.  This anomaly could be explained by increased traffic volumes 
being observed during the ‘after’ period, compared with the ‘before’ period.  
Fontaine et al. (2009) also investigated passenger vehicle speeds and truck speeds separately, and 
although they found that speeds reduced significantly for ‘overall’ speed data after introducing the 
lane restrictions, it was not known whether the individual reductions were statistically significant or 
not.  Truck speeds showed a reduction of 2.1mph (possibly significant) whereas passenger vehicle 
speeds showed a reduction of 0.07mph (unlikely to be significant).  
 
In terms of transferability, this topic does not appear to have been investigated across many 
different conditions. One study looked at passenger vehicle speeds and truck speeds separately 
(Fontaine et al., 2009), but statistical significance is not known for these results.  Vehicle speeds on 
the restricted lanes and adjacent lanes was also looked at in another study but it is likely that the 
results were a result of other factors than the restricted lane itself (i.e. increased traffic volumes, see 
Hanscom, 1990). Lastly, the data from all four studies in this synopsis, including the meta-analysis, 
were from the USA, so it is unclear whether similar results would be found in other countries across 
Europe and the rest of the world. 
 
Overall, these results are as expected.  HGV lane restrictions are not only implemented to improve 
traffic flow and density, but also to try and improve safety. It appears from the results that safety is 
affected in a positive way by introducing restrictions in the outside lane for HGVs, (right lane in the 
UK, left lane in the rest of Europe and USA).  Benefits are seen either directly by reducing accident 
numbers or indirectly through reducing vehicle speeds, so it is an additional benefit to improving 
traffic flow and density.  
 
One concern is that reducing vehicle speeds in certain lanes could impose higher speed differentials 
between the restricted and the adjacent lane which could increase accident risk, however, this was 
not observed in the results (Hanscom, 1990). 
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3 Supporting Documents 
 
 
3.1 DESCRIPTION OF THE STUDIES IDENTIFIED FOR INCLUSION IN SYNOPSIS 
In total, four studies were identified as being the most relevant for this synopsis on HGV traffic 
restrictions, including one meta-analysis.  
 
Høye (2010) is a literature review and fixed-effects meta-analysis on the effects of HGV traffic (lane) 
restrictions on accidents. When one lane is closed for heavy goods vehicles, accidents in all lanes are 
significantly reduced by 47% (based on 4 estimates from 1 study). In the lane without HGV traffic, 
accidents were found to be reduced by 13% (based on 2 estimates from 2 studies).  
 
The study by Fontaine et al. (2009) describes the effect of truck lane restrictions on parts of the 
interstate system of Virginia in order to improve safety and mobility. A total of 25 sites were included 
in the study where truck lane restrictions (i.e. restrictions to left lane usage) have been implemented 
at two periods of time. First in 2004, signs were introduced which indicated that trucks were 
restricted from the left lane if traveling at 50 mph or below, and then in 2007, where signs were 
introduced which indicated that trucks were restricted from the left lane if traveling below 65 mph. 
Before-after accident data was analysed comparing separately the sites where the 2004 signs were 
implemented (19) and those where the 2007 sites were implemented (6) and then a third 
comparison was undertaken for before/after data for all sites (25). ‘Before’ data was taken from 
2001 up until the time when the lane restriction was introduced (either 2004 or 2007). The ‘after’ 
data was taken from when the lane restriction was introduced up until 2007 (so either 2004-2007 or 
2007 only). As well as comparing actual accident rates, predicted accident rates were also 
“generated” assuming that trends from the “before” period were carried through to the “after” 
period at the same levels, adjusted for exposure time”, as the after period was shorter than the 
before period at some sites (i.e. those where the 2007 lane restriction was introduced). The 
differences between observed and predicted ‘after’ data were then compared to see whether the 
observed data was more or less than predicted. Speed data was also analysed, but it was only looked 
at ‘before’ and ‘after’ in general and speed data from only ten of the sites was recorded and included 
in the analysis. 
 
An empirical Bayes analysis was carried out for a before-after study (from exposure i.e. truck lane 
restriction to outcome i.e. difference in speed and crashes). It was found that speeds generally 
decreased after implementation of the left lane restrictions to trucks. Results on the crashes showed 
a general decrease, but the statistical tests showed that these results are not statistically significant. 
 
Hanscom (1990) discusses the effectiveness of truck lane restrictions at interstates in the U.S. The 
study followed a before-after design and looked at 3 sites, with 2 sites prohibiting trucks from using 
the left hand lane and 1 prohibiting them from using the right hand lane. A number of measured 
outcomes were investigated in this study, including track lane occupancy, delay of following vehicles, 
proportion of trucks impeding following vehicles and vehicle speeds. Only vehicle speeds were coded 
for this synopsis as this was deemed the most important for road safety. Due to two sites having such 
low traffic volumes that it did not exert an influence over traffic speeds, only data from one site was 
analysed in the study for traffic speeds and therefore coded for this synopsis (Illinois USA), where 
HGVs were prohibited from using the left lane of a three lane road. It was found that the mean 
speeds of all vehicles were statistically lower after the treatment for both the lane where the 
restriction was implemented and also the adjacent lanes. The concern was that introducing a lane 
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restriction for trucks could impose a higher speed differential between the restricted and the 
adjacent lanes and therefore increasing accident risk. However, this was not observed in the results. 
What was observed was that mean speeds also reduced on the control sites (i.e. sites on the same 
road but without the lane restrictions), which implies that the reductions in speed observed where 
lane restrictions were implemented may be a results of factors other than the lane restrictions, such 
as increases in traffic volume, which was observed in the study after lane restriction implementation. 
 
Jo et al. (2003) discusses the effect of HGV restrictions on freeways. This is a simulation study which 
implements HGV lane restrictions on 3-, 4- and 5-lane carriageway roads and investigates the effect 
on speed, capacity, density and number of lane changes. Only results on speed were coded as these 
were deemed the most important for safety.  As well as number of lanes, other variables such as 
free-flow speed (60, 65, 70), traffic volume per lane (10-2400), percentage of trucks (0-25%) and 
specific type and number of lane restrictions (12 types) are all simulated, resulting in a total of 1701 
scenarios simulated. When looking at the 3, 4 and 5-lane scenarios overall, it was found that HGV 
restrictions resulted in a significant decrease of vehicle speeds as shown by the t-statistic and p-
values. When looking more specifically at 3-lane scenarios, significant speed reductions were found 
to occur at high truck percentages (20%) and higher number of restricted lanes (2 lanes as opposed 
to 1). A similar trend was found for 4 and 5-lane cases. Unfortunately, the confidence interval or a 
standard error is not documented in any of the results, which is a limitation. 
 
 
Table 4 illustrates an overview of the main features and outcomes of the three coded studies and 
one meta-analysis. 
 
Table 4: Main outcomes of coded studies on HGV traffic restrictions 
Author, 
Year, 
Country 
Exposure 
variable 
Outcome variable / 
Outcome type  
Effects Main outcome -description 
Høye, (2010), 
USA 
HGV lane 
restrictions 
Percentage change in all 
accidents on all lanes 
↘ 47% reduction 
95% CI 
Significant reduction in percentage of all 
accidents on all lanes when HGV lane 
restrictions are implemented 
Percentage change in all 
accidents on lane closed to HGVs 
- 13% reduction 
95% CI 
Non-significant reduction in percentage of 
all accidents on lane closed to HGVs when 
HGV lane restrictions are implemented 
Fontaine et 
al. (2009), 
USA 
Truck lane 
restrictions 
Change in the mean passenger 
vehicle speeds (mph) across 10 
sites 
- Reduction of 
0.07mph 
 
Reduction in mean passenger vehicle 
speeds across 10 sites after truck lane 
restrictions are implemented - statistical 
significance unknown 
Change in the mean truck speeds 
(mph) across 10 sites 
- Reduction of 
2.1mph 
Reduction in mean truck speeds across 10 
sites after truck lane restrictions are 
implemented - statistical significance 
unknown 
Change in the mean speeds 
(mph) for all vehicles across all 
lanes across 10 sites 
 
↘ 
Reduction of 
1.1mph 
P = 0.009 
95% CI 
Significant reduction in mean speeds for all 
vehicles across all lanes across 12 sites after 
truck lane restrictions are implemented 
 Safety Cube |Synopsis on Traffic composition - HGV Traffic Restrictions | WP5 
 
Author, 
Year, 
Country 
Exposure 
variable 
Outcome variable / 
Outcome type  
Effects Main outcome -description 
Change in the number of all 
accidents across 19 sites (‘2004’ 
sign) 
- Reduction of 11 
(253-242). 
 
But 11 less than 
expected. 
 
95% CI 
Before and after periods = 4 years, so ‘after’ 
number would have been expected to be 
the same (253). So the difference between 
accident numbers before and after the 2004 
truck lane restriction was 11 less than 
expected. However, this was not 
statistically significant. 
Change in the number of all 
accidents across 6 sites (‘2007’ 
sign) 
- Reduction of 
68.3 (82 to 17). 
 
But 3.3 more 
than expected. 
 
95% CI 
Before period = 6 years and after period = 1 
year. Therefore, predicted ‘after’ accident 
number would have expected to have been 
13.7 (82/6), which is 3.3 less than actual (17).  
So the difference between accident 
numbers before and after the 2007 truck 
lane restriction was 3.3 more than expected. 
However, this was not statistically 
significant. 
Change in the number of all 
accidents across 25 sites (‘2004’ 
and ‘2007’ sign) 
- Increase of 3 
(335 to 338). 
 
But 13 less than 
expected. 
 
95% CI 
Before period = 6 or 4 years and after period 
= 1 or 4 years. The predicted ‘after’ accident 
number would have expected to have been 
351, which is 13 more than actual (338).  
So the difference between accident 
numbers before and after both the 2004 
and 2007 truck lane restrictions was 13 less 
than expected. However, this was not 
statistically significant. 
Hanscom 
(1990), USA 
Truck lane 
restrictions 
Change in the mean vehicle 
speeds (mph) recorded on the 
restricted lane at 1 site 
↘ Reduction of 
1.6mph 
P=0.01 
99% CI 
Significant reduction in mean vehicle 
speeds recorded on the restricted lane at 1 
site after truck lane restrictions are 
implemented. 
Change in the mean vehicle 
speeds (mph) recorded on the 
adjacent lane at 1 site 
 
↘ 
Reduction of 
1.0mph 
P = 0.01 
99% CI 
Significant reduction in mean vehicle 
speeds recorded on the adjacent lane at 1 
site after truck lane restrictions are 
implemented. 
Jo et al. 
(2002), USA 
Truck lane 
restrictions 
Change in average speeds 
recorded on simulated 3 lane 
freeway roads (sample of 540) 
↘ Reduction of 
1.34mph 
P < 0.001 
 
Significant reduction in the average speeds 
recorded on simulated 3 lane freeway roads 
when various truck lane restrictions are 
introduced  
Change in average speeds 
recorded on simulated 4 lane 
freeway roads (sample of 810) 
↘ Reduction of 
1.34mph 
P < 0.001 
 
Significant reduction in the average speeds 
recorded on simulated 4 lane freeway roads 
when various truck lane restrictions are 
introduced  
Change in average speeds 
recorded on simulated 5 lane 
freeway roads (sample of 1080) 
↘ Reduction of 
2.06mph 
P < 0.001 
 
Significant reduction in the average speeds 
recorded on simulated 5 lane freeway roads 
when various truck lane restrictions are 
introduced  
↗ = Significantly greater accident rates/vehicle speeds when HGV traffic restrictions are introduced. 
↘ = Significantly less accident rates/vehicle speeds when HGV traffic restrictions are introduced. 
- = Differences in accident rates/vehicle speeds may have been found, but not statistically significant or not 
known (i.e. statistical analysis not carried out). 
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3.2 METHODOLOGY 
This section describes the search terms, screening and eligibility selection processes that were used 
to identify relevant papers for investigating the safety effectiveness of HGV traffic restrictions. 
 
3.2.1 Literature Search Strategy 
A systematic literature search was conducted in December 2016. It was carried out in two databases 
with broadly similar search strategies. The databases ‘Scopus’ and ‘TRID’ were used to identify 
papers that examined the effectiveness of HGV traffic restrictions. 
 
Detailed search terms, as well as their linkage with logical operators and combined queries are 
shown in Tables 5 and 6. 
 
Table 5: Scopus search terms and results 
Database: Scopus  Date: 15 Dec 2016 
search no. search terms / operators / combined queries hits 
#1 “truck*” OR “lorry” OR “lorries” OR “heavy goods vehicle*” OR “HGV*” or 
“large goods vehicle*” or “LGV” 
55,849 
#2 “lane restriction*” OR “limitation*” OR “speed restriction*” OR 
“overtaking” OR “peak time*” OR “peak hour*” OR “rush hour” OR “height 
restriction*” 
692,805 
#3 “safe*” OR “countermeasure*” OR “crash*” OR “accident*” OR 
“incident*” OR “collision*” OR “risk*” OR “impact*” OR “severity”  
7,639,133 
#1 AND #2 
AND #3  
All years 396 
 
Table 6: TRID search terms and results 
Database: TRID  Date: 16 Dec 2016 
search no. search terms / operators / combined 
queries 
hits 
#1 “truck*” OR “lorry” OR “lorries” 15000 
#2 “heavy goods vehicle*” OR “HGV*” 6581 
#3 “large goods vehicle*” or “LGV” 50 
#4 “lane restriction*” OR “limitation*” OR 
“speed restriction*” OR “overtaking” OR 
“peak time*” OR “peak hour*” OR “rush 
hour” OR “height restriction*” 
10954 
#5 “safe*” OR “countermeasure*” OR 
“crash*” OR “accident*” OR “incident*” OR 
“collision*” OR “risk*” OR “impact*” OR 
“severity” 
15000 
#1 OR #2 OR #3 (referred to as  15154 
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#6) 
#1 AND #2 AND #3  All years 38 
 
A number of limitations and exclusions were applied on the papers initially found using the search 
terms listed in Tables 5 and 6, which were as follows: 
• Search field: TITLE-ABS-KEY 
• published: year > 1990  
• Document Type: “All” 
• Source Type “Journals” or “Conference Proceedings” 
• Subject area: “Engineering”, “Social Sciences”, “Psychology”, “Multidisciplinary” & “Undefined” 
• Language: “English” 
 
For TRID, these limitations and exclusions had to be applied as part of the initial search, so the 
numbers included in Table 6 are the numbers after the limitations/exclusions had been applied. 
 
Table 7 shows the number of remaining papers after the limitations and exclusions were applied for 
both databases. 
 
Table 7: Papers still remaining after applying limitations/exclusions 
Database Hits 
Scopus 218 
TRID 38 
Total number of studies to screen title/ abstract 255 
 
6.1.2 Results of literature search, screening and prioritizing 
As shown in Table 8, the titles and abstracts of the 255 papers remaining after the initial searches 
and exclusions were screened for their relevance to the countermeasure ‘HGV traffic restrictions’. 
From this screening, eight were found to still have possible relevance to this factor. 
 
Table8: Screening process of the 370 studies identified from the initial literature search 
Total number of studies to screen title/ abstract 255 
-De-duplication 2 
-Not relevant studies excluded 247 from Scopus & 36 from TRID 
-Studies with no risk estimates excluded 0 
Studies not clearly relevant to the topic (full-text screening later) 0 
Remaining studies  7 from Scopus & 1 from TRID 
Studies to obtain full-texts  8 
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A search for all of the full-texts of these eight studies was undertaken so that the whole paper could 
be screened to determine their eligibility for analysing the countermeasure “HGV traffic 
restrictions”. 
 
Table 9 shows the number of papers which were eligible for analysing the safety effectiveness of 
HGV traffic restrictions. As the full-text of three studies could not be obtained, a total of five papers 
had their full-text screened for eligibility for analysing the safety effectiveness of HGV traffic 
restrictions. An additional three papers were found in the references which were also full-text 
screened, making the total full-screened to eight. Five of the eight full-screened papers were found 
not to be relevant to the topic or not codable, leaving three studies as being eligible for coding. A 
further one study was added to this list of eligible papers, which was a meta-analysis first published 
in the most recent version of The Handbook of Road Safety Measures (Elvik, 2009) and updated to 
include more recent papers (Høye, 2016). This brings the total number of eligible studies to four. 
 
Table 9: Eligibility of papers selected for full-text screening 
Total number of studies to screen full-text 8 
Full-text could be obtained 5 
Additional relevant studies identified from reference lists/other sources* 4 
Exclude: included in meta-analysis 0 
Exclude: not relevant or codable 5 
Total number of eligible papers 4 
*Includes the meta-analysis by Høye (2016) 
 
Prioritisation 
As only four codable papers were found for this topic (including one meta-analysis), it was decided 
that further prioritisation would not be needed as all four papers would be included in this synopsis. 
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Synopsis 3: Road safety audits & 
inspections  
 
Apostolos Ziakopoulos, Giulia Botteghi, Athanasios Theofilatos, Eleonora Papadimitriou  
NTUA, April 2017 
1 SUMMARY 
1.1 Colour code: Light green 
Explanation:  
On the basis of both study and effect numbers, it can be seen that road safety audits and 
inspections measures have a positive effect on road safety. In a minority of cases their impact 
is inconclusive (or has isolated negative effects), but results still indicate an overall crash 
mitigation. The studies have good levels of quality, and the results consistently indicate that 
these measures reduce road safety risk. This leads to the assignment of the light green colour 
code for road safety audits and inspections. 
1.2 Keywords 
Road safety audits; road safety inspections; network deficiencies 
1.3 Abstract 
Road safety audits and inspections are conducted commonly by experts to highlight problems 
and deficiencies in a road or network for further consideration and examination by road 
management authorities. They are tools that enable secondary measures to be determined 
and applied. Five high quality studies were coded, and a meta-analysis based on the results of 
two of them was conducted. Results indicate that crashes after the audits showed a significant 
crash reduction of 60% after implementing this tool, hinting at considerable bonuses that 
stand to be gained from more widespread use of road safety audits. On a basis of both study 
and effect numbers, it is evident that high risk site treatment creates positive impacts on road 
safety by reducing crash and injury numbers. The results seem generally transferable with 
caution. 
1.4 Background 
1.4.1 Definition of road safety audits and inspections 
Road safety audits and inspections are defined as "the formal safety performance 
examination of an existing or future road or intersection by an independent, multidisciplinary 
team. It qualitatively estimates and reports on potential road safety issues and identifies 
opportunities for improvements in safety for all road users" (FHWA, 2017).  
Road safety inspections report on the particularities of a road in use, and are undertaken by 
third-party surveyors. A common description is that they comprise all the processes of 
examining an existing road section, as undertaken by a third-party multidisciplinary team of 
experts. The examination can be qualitative and quantitative, and the resulting reports 
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highlight potential road safety problems and margins for improvements in safety, for all road 
users. 
Similarly, road safety inspections are examinations undertaken by expert teams aiming to 
provide insights into the particularities of the road segments and the outlying road 
environment. These particularities and noteworthy elements could induce outside effects on 
road users that affect their behaviour, and impact overall road safety.  
1.4.2 How do road safety audits and inspections affect road safety? 
As road safety, highway engineering and science in general progresses, many elements that 
improve road environments are introduced. Similarly, many outside elements can affect and 
interfere with the movement of vehicles. Some of these may be previously unseen elements 
such as new video advertising screen boards.  
Road safety audits ensure that the existing road environment meets all required standards 
for safe use by all road users. Correspondingly, road safety inspections ensure that all nearby 
relevant elements are accounted for, and that their effect on the actions of the road 
management authorities is anticipated. Hence, it can be expected that the implementation 
of both kinds of measures will highlight road safety problems and increase road safety levels. 
This is primarily achieved via the implementation of secondary road measures, determined 
as a result of the road safety audits and inspections. Examples of these are traffic sign/signal 
installation and reconfiguration, road marking improvements, shoulder widening, pavement 
maintenance and various other measures.  
1.4.3 How is the effect of road safety audits and inspections on road safety studied? 
Road safety audits and inspections are rarely examined in the international literature, 
primarily because they are preliminary stages for the implementation of secondary measures. 
Typically, road safety level changes are treated as originating from the secondary measures 
and are attributed to them. However, there are cases where the effect of utilizing road safety 
audits and inspections is examined as a primary measure. 
When a study takes the latter approach, a common practice is to identify a road section or 
network as a study area. In such cases, before-after measure application approaches are 
implemented to capture the effect of road safety audits and inspections in influencing road 
safety levels. Benefits are estimated using crash numbers or crash rates, which offer direct 
insights into road safety levels.  
1.4.4 Overview of results 
The effects of road safety audits and inspections on road safety tend to be positive overall. 
Most of the examined studies show uniform reductions in crash numbers, while the last two 
studies show crash reduction in most examined cases, but with some minor crash increases in 
isolated cases. Typically, these increases are in damage crashes rather than injury crashes, and 
hence they are effects of crash mitigation. Furthermore, all reported secondary measures 
appeared to have a beneficial effect. The meta-analysis conducted indicates a 60% reduction 
in the numbers of crashes, after conducting road safety audits in a road segment, and this is 
statistically significant.  
1.4.5 Transferability 
Coded studies are based on data from Canada, Greece, New Zealand, Norway and the United 
Kingdom. While this is a good sample of developed countries, there is scope for 
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representation of other areas of the globe, and a respective gap of knowledge, especially 
concerning less motorized regions. Most studies conducted a uniform examination of all 
crash types and road users. Two meta-analyses separated studies by injury severity. In 
conclusion, there appears to be scope for a greater variety of approaches. 
1.4.6 Notes on analysis methods 
While the methods for capturing the impact of high risk site treatment are similar (before-
after measure application approaches), the outputs are interpreted in differing ways. 
Sometimes, raw crash numbers or descriptive statistics are provided, whilst other studies use 
significance testing to determine the level of statistical significance of each parameter. There 
is scope for investigating different road user categories and/or other geographical regions. 
The aforementioned factors make the findings for road safety audits and inspections 
transferable with caution. 
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2 SCIENTIFIC OVERVIEW 
2.1 Analysis of study designs and methods  
After appropriate use of search tools and databases, five (5) high quality studies were 
selected and coded for the measures of road safety audits and inspections. Notably, all 
studies investigated crash reduction in one form or another: Belcher et al. (2008), England et 
al. (2013) and Vardaki et al. (2014) investigated changes of crash numbers while Elvik et al. 
(2008) and Lougheed and Hildebrand, (2016) explored crash comparison with projected 
models or estimates that would occur in the absence of tools to address road network 
deficiencies.  
The number of crashes and injured users provides a very direct method for investigating 
effects on road safety. Whilst this is direct and comprehensible it is also fairly simplistic, and 
often ignores network particularities best captured via crash rates (e.g. taking into account 
vehicle-kilometers). 
To examine the relationship between the effects of road safety audits and inspections, the 
studies utilised either significance testing (e.g. Chi-square/χ2 tests or standard error 
provision) or conducted basic descriptive statistical analysis as a minimum. 
It should be noted that studies relevant to this topic are particularly scarce in the literature, 
particularly concerning road safety inspections. There is a significant knowledge gap in this 
area. It is also noteworthy that many of the studies consider road safety improvements as the 
consequence of implementing specific measures (i.e. as a result of road safety audits and 
inspections), not the beneficial impact of the screening processes themselves. The screening 
processes are often mentioned as an introductory process. 
Whilst the interpretation of this interrelation depends primarily on the view of the researcher, 
there is value in summarizing the direct numerical impacts of road safety audits and 
inspections for the benefit of road safety researchers and stakeholders. 
 
2.2 Literature Overview 
All studies reported a reduction in crash numbers after implementing road safety audits or 
inspections at a macroscopic level. For the results from Belcher et al. (2008), Elvik et al. 
(2008), England et al. (2013) and for some results from Lougheed and Hildebrand, (2016) no 
statistical significance testing was conducted or presented, and thus the findings are 
interpreted with caution.  
In several cases, road safety audits and inspections proved to be highly beneficial in reducing 
crashes and crash rate. Isolated cases of crash increases were observed, but the respective 
studies (England et al., 2013 and Lougheed and Hildebrand, 2016) averaged their results to 
obtain the overall effect, and the resulting outcome was positive for road safety.  
The results presented in Lougheed and Hildebrand (2016) show a reduction in more severe 
crashes, indicating that increases in damage-only crash numbers can be related to crash 
mitigation. Hence it can be observed that crash consequences are mitigated via the 
implementation of road safety audits and inspections, and thus the overall road safety level 
is increased. 
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The overall positive results are intuitive considering the nature of the measure. Expert 
auditors and inspectors are expected to pinpoint safety issues already existing in the network, 
and to highlight potential problems before they arise, or issues not necessarily reducing 
safety levels but with potential ties to them (e.g. creation of sudden traffic pools).  
An overview of the main features of the coded studies (sample, method, outcome and 
results) is illustrated in Table 1. 
Number 
Author(s); 
Year; Country; 
Sampling frame for 
audits/inspections 
studies 
Method for 
audits/inspections 
impact 
investigation 
Outcome 
indicator 
Main Result 
1 
Belcher, M., 
Proctor, S., & 
Cook, P.; 
2008; United 
Kingdom  
Safety performance 
of 20 minor 
improvement 
schemes in Surrey, 
UK 
Crash comparison 
Crash numbers 
[Absolute 
difference] 
The safety performance of 20 
minor improvement schemes 
that had been audited and 
modified accordingly was 
checked against 20 similar 
schemes that had not been 
audited. The audited schemes 
had, on average, about one 
casualty per year fewer than 
the non-audited schemes. 
2 
Elvik, R., 
Høye, A., Vaa, 
T., & 
Sørensen, M.; 
2008; Norway 
Summary of effects 
that can be 
expected if specific 
measures are 
introduced as part 
of road safety 
inspections from 
previous research. 
Crash comparison 
Expected injury 
crash 
comparison 
[Percentage 
difference] 
Road safety inspections 
resulted in reduction 
estimates for several types of 
crashes, thus improving road 
safety. 
3 
England, J., 
Hannah, J., & 
Wilkie, S.; 
2013; New 
Zealand 
Two NZ district 
councils served as 
case studies to 
assess the crash 
reduction of Road 
Infrastructure 
Safety Assessment.  
Crash comparison 
Crash numbers 
[Absolute 
difference] 
The crash reductions mostly 
seem considerable, but not all 
of them are uniform (Fatal 
crashes were unchanged in 
Dunedin City, and collision 
with utility poles was 
increased across all injuries). 
4 
Lougheed, P., 
& Hildebrand, 
E.; 2016; 
Canada 
This is a comparison 
of observed and 
predicted collision 
frequencies from 
three large-scale 
Public-Private-
Partnership (P-3) 
rural freeway 
projects with similar 
fundamental 
characteristics. 
Crash comparison 
Expected Crash 
comparison 
[Percentage 
difference] 
The total number of collisions 
is reduced significantly by 
15%, while for injurious and 
fatal accidents this reduction 
reaches 36%. 
5 
Vardaki, S., 
Papadimitriou, 
F., & Kopelias, 
P.; 2014; 
Greece 
A RSA of the Attica 
Freeway was 
conducted in mid-
2009 aiming at 
identifying features 
of the roadway 
operating 
environment which 
might be potentially 
dangerous. 
Crash comparison 
Crash numbers 
[Percentage 
difference] 
Specific site treatments that 
were conducted as a result of 
the road safety audit 
implementation were found 
to effectively reduce the 
number of road accidents. 
Table 1: Description of coded studies 
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2.3 Limitations 
A few limitations can be found in the current literature for the effects of road safety audits 
and inspections on road safety. Firstly, there are very few studies: this appears to be an under-
researched topic. This shortcoming may indicate that there is a lack of interest in 
implementing the measures, or in devising new methods to monitor their benefits, despite 
the clearly significant results presented in this synopsis. Road safety inspections are 
particularly underrepresented: only one study presenting numerical effects could be located. 
Secondly, all included studies originate from developed and highly motorized countries, 
known to possess and apply high road design standards. Hence, this sample is not particularly 
representative of the worldwide impact of road safety audit and inspection measures, and as 
such any results and conclusions drawn from this synopsis are transferrable with caution. 
2.4 Results for road safety audits and inspections   
2.4.1 Introduction 
The effects of road safety audits and inspections identified can be summarized as follows: 
• 1 study with a significant decrease in road crashes 
• 3 studies with an unverified decrease in road crashes 
• 1 study with unverified and significant decreases in road crashes overall,  
and some isolated unverified and significant increases in road crashes 
 
The quantitative results of the coded studies are presented in Table 2, together with their 
general effects on road safety. This is included in the supporting document. 
After collectively reviewing the results, the following points were observed: 
a) There is an adequate number of studies 
b) Those studies have used similar methods for analysis  
c) There are similar indicators (though at times expressed differently) 
d) The sampling frames seemed to be compatible  
2.5 Description of analysis carried out 
2.5.1 Meta-analysis 
After considering the previous points, it was decided that a meta-analysis was possible, to 
determine an overall estimate of the effect of road safety audits and inspections on road 
safety levels. More specifically, the overall estimate of the raw proportion of crashes after 
conducting road safety audits (xi) compared to the proportion of crashes before conducting 
road safety audits (ni) was investigated. To do so, the respective numbers of crashes had to 
be defined for each study. Since England et al. provided data for two separate sites, they were 
treated as two separate inputs. The variance vi of weights (vi = 1/xi+1/ni) was then calculated 
for each study following Elvik (1999), and the statistical weight assigned to each parameter 
was wi = 1/vi. 
2.5.2 Overall estimate on the absolute proportion of crashes 
The results showed a statistically significant effect at a 95% level (p-value < 0.0001). The 
overall estimate for the crash reduction following road safety audits was found to be 0.0400, 
as shown in Figure 1, and additional parameters in Table 3. This means that the crash level 
after the audits was about 40% of that before, i.e. a reduction of 60%. This illustrates the 
potential gains from more widespread use of road safety audits.  
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Figure 1: Forest plot for absolute proportion of crash reduction due to road safety audits. 
Variable Estimate Std. Error p-value 95% CI 
Proportion of crash reduction due 
to road safety audits 0.400 0.0745 <0.0001 (0.2538, 0.5459) 
 
Table 3: Fixed effects meta-analysis for crash reduction due to road safety audits 
2.5.3 Heterogeneity 
The Q test is significant (Q[df=2]=1.5943, p-value = 0.4506) suggesting there is no considerable 
heterogeneity among the true effects. Therefore, the fixed effects meta-analysis that was 
carried out is preferred and there is no need to perform random effects meta-analysis. 
2.5.4 Publication Bias 
A funnel plot was produced in order to detect potential publication bias. The visual 
examination of the funnel plot shows that it is symmetrical, suggesting that there is no strong 
evidence for publication bias. A further method for testing for publication bias is to check 
whether the observed outcomes are related to their corresponding standard errors. The 
results showed that almost no publication bias exists (t = -0.6961, df = 1, p-value = 0.6129). 
The funnel plot appears on Figure 2 which follows. 
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Figure 2: Forest plot for estimates of crash reduction due to road safety audits 
 
2.5.5 Overall estimate for road safety 
On the basis of both study and effect numbers, it can be argued that road safety audits and 
inspections measures have a positive effect on road safety. In a minority of cases the impact 
of road audits and inspections is inconclusive, with some isolated negative effects, but overall 
the effect is one of crash mitigation. These particular studies have good levels of quality, and 
their results consistently show that these measures reduce road safety risk.  
2.6 CONCLUSION 
The meta-analysis carried out showed that road safety audits and inspections have a positive 
impact on road safety. There are some isolated cases where their effect appears to have a 
negative impact, but these are not significant when examining macroscopic effects of the 
measures. 
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3 SUPPORTING DOCUMENT 
 
3.1 Supporting quantitative table 
Table 2 is shown below, which includes all quantitative effects from the coded studies for the 
measures of road safety audits and inspections.  
Number 
Author(s); 
Year; Country 
Measure 
Exposure  
Outcome 
indicator 
Quantitative Estimate 
Effect on 
road 
safety 
1 
Belcher, M., 
Proctor, S., & 
Cook, P.; 2008; 
United 
Kingdom  
Road Safety 
Audits  
Crash 
comparison 
[Absolute 
difference] 
Crashes: Abs. dif.[before-after] = 1  ↑* 
2 
Elvik, R., Høye, 
A., Vaa, T., & 
Sørensen, M.; 
2008; Norway 
Road Safety 
Inspections 
Expected 
injury crash 
comparison 
[Percentage 
difference] 
Removing sight obstacles:  
Crash reduction [before-after]: [0% to 5%] ↑* 
Flattening side slopes:  
Crash reduction [before-after]: [5% to 25%] ↑* 
Providing clear recovery zones:  
Crash reduction [before-after]: [10% to 40%] ↑* 
Guardrail along embankments:  
Crash reduction [before-after]: [40% to 50%] ↑* 
Guardrail end treatment:  
Crash reduction [before-after]: [0% to 10%] ↑* 
Yielding light poles:  
Crash reduction [before-after]: [25% to 75%] ↑* 
Signing of hazardous curves:  
Crash reduction [before-after]: [0% to 35%] ↑* 
Correcting erroneous signs:  
Crash reduction [before-after]: [5% to 10%] ↑* 
3 
England, J., 
Hannah, J., & 
Wilkie, S.; 
2013; New 
Zealand 
Road Safety 
Audits  
Crash 
comparison 
[Absolute 
difference] 
Fatal crashes - Site 1 - Total crashes: 
Crashes: Abs. dif.[before-after] = 4 
Crash Rates: Abs. dif.[before-after] = 0.50 
↑* 
Severe crashes - Site 1 - Total crashes: 
Crashes: Abs. dif.[before-after] = 30 
Crash Rates: Abs. dif.[before-after] = 3.60 
↑* 
Minor crashes - Site 1 - Total crashes: 
Crashes: Abs. dif.[before-after] = 88 
Crash Rates: Abs. dif.[before-after] = 9.70 
↑* 
All injuries - Site 1 - Head on crashes: 
Crashes: Abs. dif.[before-after] = 15 
Crash Rates: Abs. dif.[before-after] = 1.90 
↑* 
All injuries - Site 1 - Lost control-segment: 
Crashes: Abs. dif.[before-after] = 12 
Crash Rates: Abs. dif.[before-after] = 0.80 
↑* 
All injuries - Site 1 - Lost control-bend: 
Crashes: Abs. dif.[before-after] = 69 
Crash Rates: Abs. dif.[before-after] = 7.20 
↑* 
All injuries - Site 1 - Intersections: 
Crashes: Abs. dif.[before-after] = 7 
Crash Rates: Abs. dif.[before-after] = 0.50 
↑* 
All injuries - Site 1 - Dark/twilight crashes: 
Crashes: Abs. dif.[before-after] = 40 
Crash Rates: Abs. dif.[before-after] = 5.00 
↑* 
Fatal crashes - Site 2 - Total crashes: 
Crashes: Abs. dif.[before-after] = 0 
Crash Rates: Abs. dif.[before-after] = -0.90 
↓* 
Severe crashes - Site 2 - Total crashes: 
Crashes: Abs. dif.[before-after] = 45 
Crash Rates: Abs. dif.[before-after] = 4.90 
↑* 
Minor crashes - Site 2 - Total crashes: 
Crashes: Abs. dif.[before-after] = 143 
Crash Rates: Abs. dif.[before-after] = 16.80 
↑* 
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Number 
Author(s); 
Year; Country 
Measure 
Exposure  
Outcome 
indicator 
Quantitative Estimate 
Effect on 
road 
safety 
All injuries - Site 2 - Head on crashes: 
Crashes: Abs. dif.[before-after] = 14 
Crash Rates: Abs. dif.[before-after] = 2.40 
↑* 
All injuries - Site 2 - Lost control-segment: 
Crashes: Abs. dif.[before-after] = 28 
Crash Rates: Abs. dif.[before-after] = 4.70 
↑* 
All injuries - Site 2 - Lost control-bend: 
Crashes: Abs. dif.[before-after] = 73 
Crash Rates: Abs. dif.[before-after] = 6.30 
↑* 
All injuries - Site 2 - Intersections: 
Crashes: Abs. dif.[before-after] = 19 
Crash Rates: Abs. dif.[before-after] = 3.40 
↑* 
All injuries - Site 2 - Dark/twilight crashes: 
Crashes: Abs. dif.[before-after] = 44 
Crash Rates: Abs. dif.[before-after] = 3.90 
↑* 
All injuries - Site 2 - Object struck/bank edge: 
Crashes: Abs. dif.[before-after] = 18 
Crash Rates: Abs. dif.[before-after] = 2.30 
↑* 
All injuries - Site 2 - Object struck/utility pole: 
Crashes: Abs. dif.[before-after] = 5 
Crash Rates: Abs. dif.[before-after] = -0.10 
↑* 
All injuries - Site 2 - Object struck/trees: 
Crashes: Abs. dif.[before-after] = 17 
Crash Rates: Abs. dif.[before-after] = 2.80 
↑* 
All injuries - Site 2 - Object struck/ditch: 
Crashes: Abs. dif.[before-after] = 22 
Crash Rates: Abs. dif.[before-after] = 3.50 
↑* 
4 
Lougheed, P., 
& Hildebrand, 
E.; 2016; 
Canada 
Road Safety 
Audits 
Expected 
Crash 
comparison 
[Percentage 
difference] 
Damage only - Single Vehicle - Project #1: 
Crashes: Percentage difference  
[predicted-observed] = -5.0%, S.e. = 0.04 
↓* 
Damage only - Single Vehicle - Project #2: 
Crashes: Percentage difference  
[predicted-observed] = 2.0%, S.e. = 0.05 
↑* 
Damage only - Single Vehicle - Project #3: 
Crashes: Percentage difference  
[predicted-observed] = 6.0%, S.e. = 0.06 
↑* 
Damage only - Single Vehicle - W. Average: 
Crashes: Percentage difference  
[predicted-observed] = -2.0%, S.e. = 0.04 
↓* 
Damage only - Multi Vehicle - Project #1: 
Crashes: Percentage difference  
[predicted-observed] = 23.0%, S.e. = 0.02 
↑* 
Damage only - Multi Vehicle - Project #2: 
Crashes: Percentage difference  
[predicted-observed] = -36.0%, S.e. = 0.02 
↓* 
Damage only - Multi Vehicle - Project #3: 
Crashes: Percentage difference  
[predicted-observed] = 1.0%, S.e. = 0.00 
↑* 
Damage only - Multi Vehicle - W. Average: 
Crashes: Percentage difference  
[predicted-observed] = 15.0%, S.e. = 0.02 
↑* 
Damage only - All accidents - Project #1: 
Crashes: Percentage difference  
[predicted-observed] = -1.0%, S.e. = 0.05 
↓* 
Damage only - All accidents - Project #2: 
Crashes: Percentage difference  
[predicted-observed] = -2.0%, S.e. = 0.05 
↓* 
Damage only - All accidents - Project #3: 
Crashes: Percentage difference  
[predicted-observed] = 61.0%, S.e. = 0.06 
↑* 
Damage only - All accidents - W. Average: 
Crashes: Percentage difference  
[predicted-observed] = 1.0%, S.e. = 0.05 
↑* 
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Number 
Author(s); 
Year; Country 
Measure 
Exposure  
Outcome 
indicator 
Quantitative Estimate 
Effect on 
road 
safety 
Injury - Single Vehicle - Project #1: 
Crashes: Percentage difference  
[predicted-observed] = 37.0%, S.e. = 0.02 
CI [95%] = (-0.18, -0.06) 
↑ 
Injury - Single Vehicle - Project #2: 
Crashes: Percentage difference  
[predicted-observed] = 44.0%, S.e. = 0.03 
CI [95%] = (-0.18, -0.06) 
↑ 
Injury - Single Vehicle - Project #3: 
Crashes: Percentage difference  
[predicted-observed] = 86.0%, S.e. = 0.03 
CI [95%] = (-0.18, -0.06) 
↑ 
Injury - Single Vehicle - W. Average: 
Crashes: Percentage difference  
[predicted-observed] = 39.0%, S.e. = 0.02 
CI [95%] = (-0.18, -0.06) 
↑ 
Injury - Multi Vehicle - Project #1: 
Crashes: Percentage difference  
[predicted-observed] = 10.0%, S.e. = 0.01 
CI [95%] = (-0.18, -0.06) 
↑ 
Injury - Multi Vehicle - Project #2: 
Crashes: Percentage difference  
[predicted-observed] = 1.0%, S.e. = 0.01 
CI [95%] = (-0.18, -0.06) 
↑ 
Injury - Multi Vehicle - Project #3: 
Crashes: Percentage difference  
[predicted-observed] = -12.0%, S.e. = 0.02 
CI [95%] = (-0.18, -0.06) 
↓ 
Injury - Multi Vehicle - W. Average: 
Crashes: Percentage difference  
[predicted-observed] = 8.0%, S.e. = 0.01 
CI [95%] = (-0.18, -0.06) 
↑ 
Injury - All accidents - Project #1: 
Crashes: Percentage difference  
[predicted-observed] = 33.0%, S.e. = 0.03 
CI [95%] = (-0.18, -0.06) 
↑ 
Injury - All accidents - Project #2: 
Crashes: Percentage difference  
[predicted-observed] = 39.0%, S.e. = 0.03 
CI [95%] = (-0.18, -0.06) 
↑ 
Injury - All accidents - Project #3: 
Crashes: Percentage difference  
[predicted-observed] = 82.0%, S.e. = 0.04 
CI [95%] = (-0.18, -0.06) 
↑ 
Injury - All accidents - W. Average: 
Crashes: Percentage difference  
[predicted-observed] = 36.0%, S.e. = 0.03 
CI [95%] = (-0.18, -0.06) 
↑ 
All injuries - Single Vehicle - Project #1: 
Crashes: Percentage difference  
[predicted-observed] = 13.0%, S.e. = 0.05 
CI [95%] = (-0.22, -0.02) 
↑ 
All injuries - Single Vehicle - Project #2: 
Crashes: Percentage difference  
[predicted-observed] = 19.0%, S.e. = 0.06 
CI [95%] = (-0.22, -0.02) 
↑ 
All injuries - Single Vehicle - Project #3: 
Crashes: Percentage difference  
[predicted-observed] = 71.0%, S.e. = 0.07 
CI [95%] = (-0.22, -0.02) 
↑ 
All injuries - Single Vehicle - W. Average: 
Crashes: Percentage difference  
[predicted-observed] = 15.0%, S.e. = 0.05 
CI [95%] = (-0.22, -0.02) 
↑ 
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Number 
Author(s); 
Year; Country 
Measure 
Exposure  
Outcome 
indicator 
Quantitative Estimate 
Effect on 
road 
safety 
All injuries - Multi Vehicle - Project #1: 
Crashes: Percentage difference  
[predicted-observed] = 18.0%, S.e. = 0.02 
CI [95%] = (-0.22, -0.02) 
↑ 
All injuries - Multi Vehicle - Project #2: 
Crashes: Percentage difference  
[predicted-observed] = -18.0%, S.e. = 0.02 
CI [95%] = (-0.22, -0.02) 
↓ 
All injuries - Multi Vehicle - Project #3: 
Crashes: Percentage difference  
[predicted-observed] = 50.0%, S.e. = 0.02 
CI [95%] = (-0.22, -0.02) 
↑ 
All injuries - Multi Vehicle - W. Average: 
Crashes: Percentage difference  
[predicted-observed] = 12.0%, S.e. = 0.02 
CI [95%] = (-0.22, -0.02) 
↑ 
All injuries - All accidents - Project #1: 
Crashes: Percentage difference  
[predicted-observed] = 13.0%, S.e. = 0.05 
CI [95%] = (-0.22, -0.02) 
↑ 
All injuries - All accidents - Project #2: 
Crashes: Percentage difference  
[predicted-observed] = 16.0%, S.e. = 0.06 
CI [95%] = (-0.22, -0.02) 
↑ 
All injuries - All accidents - Project #3: 
Crashes: Percentage difference  
[predicted-observed] = 70.0%, S.e. = 0.08 
CI [95%] = (-0.22, -0.02) 
↑ 
All injuries - All accidents - W. Average: 
Crashes: Percentage difference  
[predicted-observed] = 15.0%, S.e. = 0.05 
CI [95%] = (-0.22, -0.02) 
↑ 
5 
Vardaki, S., 
Papadimitriou, 
F., & Kopelias, 
P.; 2014; 
Greece 
Road Safety 
Audits 
Crash 
comparison 
[Absolute 
difference] 
Treated Sites - Accidents [before-after] = 94  
Control Sites - Accidents [before-after] = 134 
Chi^2 test: (χ2=42, df=1, p<0.01) 
↑ 
Total Sites - Accidents [before-after] = 196 
Chi^2 test: (χ2=42, df=1, p<0.01) ↑ 
  
↑ 
denotes positive road safety 
effects - denotes unclear or marginal road safety effects 
↓ denotes negative road safety effects 
* denotes that no statistical analysis was conducted for the significance of 
the effects  
Table 2: Quantitative results of coded studies and impacts on road safety. 
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3.2 Methodology 
3.2.1 Literature search strategy 
 
In this chapter the literature search undertaken is presented separately for the two measures 
of road safety audits and inspections, as examined in this synopsis. The measures were 
handled separately until the writing of this synopsis, when it was decided that their merging 
would provide more comprehensive and coherent insights into their effects. The results are 
summarized in the relevant tables. Several databases were examined in an attempt to locate 
all relevant scientific publications. As with the standards specified for the SafetyCube project, 
journal or conference papers published after 1990 were prioritized over reports.  
3.3 Identifying relevant studies for road safety audits  
Measure: road safety audits implementation 
Database: Scopus   Date: 20th of December 2016 
search no. search terms / operators / combined queries hits 
#1 "road" AND "safety"  
#2 AND "audit*" 159 
#3 AND ("effect" OR "measure") 66 
 All years 66 
 
Database: TRID (trid.trb.org) Date: 20th of December 2016 
search no. search terms / operators / combined queries hits 
#1 Road safety audit measure effect 1 
 All years 2 
 
Database: Science Direct   Date: 20th of December 2016 
search no. search terms / operators / combined queries hits 
#1 "road" AND "safety" AND "audit*" 822 
#2 AND (“effect” OR “measure” OR “tool*” OR “network deficiencies”) 291 
 
Limitations/ Exclusions: 
• Search field: TITLE-ABS-KEY 
• Published: 1990 to current 
• Document Type: “Review” and “Article” 
• Language: “English” 
• Source Type: “Journal“ 
• Only Transport Journals were considered 
• Subject Area: “Engineering” 
 
3.4 Results of Literature Search 
 
Database Hits 
Scopus (remaining papers after several limitations/exclusions) 66 
TRID 2 
Science Direct 291 
Total number of studies to screen title/ abstract 359 
14 
 
3.5 Screening  
Total number of studies to screen title/ abstract 359 
-De-duplication 0 
-exclusion criteria A (not related to the topic/not relevant risk factor) 336 
-exclusion criteria B (part of meta-analysis) 0 
Remaining studies 23 
Not clear (full-text is needed) 23 
Studies to obtain full-texts 23 
3.6 Eligibility  
Total number of studies to screen full-text 23 
Full-text could be obtained 10 
Reference list examined Y/N Yes (+0 papers) 
Eligible papers prioritized  4 
 
3.7 Prioritizing coding  
- Prioritizing Step A (accidents over other performance indicators)  
- Prioritizing Step B (Journals over conferences and reports) 
- Prioritizing Step C (journal quality) 
- Prioritizing Step D (more recent studies) 
No meta-analyses were found.  
 
3.8 List of coded studies for road safety audits 
 
1. England, J., Hannah, J., & Wilkie, S. (2013, August). RISA: a case study of the crash reduction 
potential of RISA on local rural roads in New Zealand. In Australasian Road Safety Research 
Policing Education Conference, 2013, Brisbane, Queensland, Australia. 
 
2. Proctor, S., Belcher, M., & Cook, P. (2001). Practical road safety auditing. Thomas Telford. 
 
3. Lougheed, P., & Hildebrand, E. (2016). Road Safety Audits and major P-3 freeway projects: 
estimating the reduction in collision frequencies. Canadian Journal of Civil Engineering, 
43(11), 977-985. 
 
4. Vardaki, S., Papadimitriou, F., & Kopelias, P. (2014). Road safety audit on a major freeway: 
implementing safety improvements. European Transport Research Review, 6(4), 387-395. 
 
3.9 Additional References:  
FHWA Road Safety Audit web page, retrieved 20/06/2017, https://safety.fhwa.dot.gov/rsa/ 
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3.10 Identifying relevant studies for road safety inspections  
Measure: road safety inspections implementation 
Database: Scopus   Date: 20th of December 2016 
search no. search terms / operators / combined queries hits 
#1 "road" AND "safety"  
#2 AND "inspection*" 377 
#3 AND ("effect" OR "measure") 99 
 All years 103 
 
Database: TRID (trid.trb.org) Date: 20th of December 2016 
search no. search terms / operators / combined queries Hits 
#1 Road safety audit measure effect 12 
 All years 22 
 
Database: Science Direct   Date: 20th of December 2016 
search no. search terms / operators / combined queries Hits 
#1 "road" AND "safety" AND " inspection*" 568 
#2 AND (“effect” OR “measure” OR “tool*” OR “network deficiencies”) 128 
 
Limitations/ Exclusions: 
• Search field: TITLE-ABS-KEY 
• Published: 1990 to current 
• Document Type: “Review” and “Article” 
• Language: “English” 
• Source Type: “Journal“ 
• Only Transport Journals were considered 
• Subject Area: “Engineering” 
 
3.11 Results Literature Search 
 
Database Hits 
Scopus (remaining papers after several limitations/exclusions) 103 
TRID 22 
Science Direct 128 
Total number of studies to screen title/ abstract 253 
 
3.12 Screening  
Total number of studies to screen title/ abstract 253 
-De-duplication 0 
-exclusion criteria A (not related to the topic/not relevant risk factor) 246 
-exclusion criteria B (part of meta-analysis) 0 
Remaining studies 8 
Not clear (full-text is needed) 8 
Studies to obtain full-texts 8 
16 
 
3.13 Eligibility  
Total number of studies to screen full-text 8 
Full-text could be obtained 6 
Reference list examined Y/N Yes (+0 papers) 
Eligible papers prioritized  1 
 
3.14 Prioritizing coding  
- Prioritizing Step A (accidents over other performance indicators)  
- Prioritizing Step B (Journals over conferences and reports) 
- Prioritizing Step C (journal quality) 
- Prioritizing Step D (more recent studies) 
No meta-analyses were found.  
3.15 List of coded studies for road safety inspections 
1. Elvik, R., Høye, A., Vaa, T., & Sørensen, M. (Eds.). (2008). The handbook of road safety 
measures. Emerald Group Publishing Limited.  
 
3.15.1 Specific data for inspections cited and cross-referenced from:   
 
Elvik, R. (2006). Road safety inspections: safety effects and best practice guidelines. 
Transportøkonomisk institutt. 
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Synopsis 4: High risk sites 
treatment  
 
Apostolos Ziakopoulos, Eleonora Papadimitriou  
NTUA, May 2017 
 
1 SUMMARY 
1.1 Colour code: Light green 
Explanation:  
On the basis of both study and effect numbers, it can be seen that high risk site treatment 
measures have a positive effect on road safety. In a minority of cases its impact is unverified 
or has an isolated negative effect. The coded studies include two meta-analyses, which 
encompass the findings of several other studies. All of the studies examined have good levels 
of quality, and are generally consistent in their results. The overall benefits of these measures 
are not negated and should thus be considered accordingly. Results consistently show that 
the examined measure improves road safety. This leads to the assignment of the light green 
colour code for high risk site treatment. 
1.2 Keywords 
High risk sites; blackspot treatment; network deficiencies 
1.3 Abstract 
High risk site treatment measures are screening processes, commonly implemented to 
highlight problematic locations in a road or road network, for further consideration and 
examination by road safety experts. They enable secondary measures to be determined and 
applied, and hence improve road safety as a result of their targeted nature. Four high quality 
studies were coded, including two meta-analyses.  
The two meta-analyses encompass several effects, and show statistically significant 
reductions in injury crashes of 28% and 24% to 27%. 
On the basis of both study and effect numbers, it is evident that high risk site treatment has 
a positive impact on road safety by reducing crash and injury numbers. The results seem 
generally transferable with caution. 
1.4 Background 
Definition of high risk site treatment  
Road systems are complex environments that serve several simultaneous functions. The aim 
is to provide road users with safe and accessible facilities for transportation. Nevertheless, 
crashes do occur, and can often follow patterns and accumulate at specific spots. These spots 
are frequently termed 'hotspots' or 'blackspots', and are high risk sites that show a 
disproportionate increase in the number of crashes or other safety-critical events when 
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compared to the rest of the network. Accordingly, several screening processes for the 
identification of high risk sites have been devised and implemented.  
These processes range from simplistic (e.g. crash number comparison) to more complex 
(crash rate ranking) and sophisticated (statistical distribution modelling such as Poisson 
distribution or simulation applications). They are conducted by road safety experts for a 
specific network, either proactively or reactively.  Sometimes their undertaking is warranted 
by the observation of safety problems in specific locations, or for quality control purposes. 
High risk sites are determined as the end objective, which enables decision making on the 
quantity and quality of road safety interventions in the form of measures.  
1.4.1 How does high risk site treatment affect road safety? 
High risk site treatment is the process by which problematic area are highlighted with regard 
to road safety. This process aids decision making: the implementation of measures follows 
the information derived as a result of identifying high risk sites. 
The measures can be wide-ranging, as different sites typically require different solutions (e.g. 
signage installation, alignment changes, lighting improvement). Hence, it can be anticipated 
that conducting high risk site investigation will highlight road safety problems and increase 
road safety levels. 
1.4.2 How is the effect of high risk site treatment studied? 
High risk site treatment is sparsely examined in the international literature, primarily because 
it is used as a preliminary stage for the implementation of secondary measures. Typically, 
road safety level changes are treated as originating from the secondary measures and are 
attributed to them. However, there are cases where high risk site treatment is examined as a 
primary measure.  
When a study takes the latter approach, a common practice is to identify a road section or 
network as a study area. In such cases, before-after measure application approaches are 
implemented, to capture the effect of high risk site treatment in influencing road safety 
levels. Benefits are estimated using crash numbers or crash rates, which offer direct insights 
into road safety levels.  
1.5 Overview of results 
The effects of high risk site treatment on road safety tend to be positive overall. All examined 
studies show considerable reductions in crash numbers, while one study also shows a 
reduction in the number of injured road users.  
The two meta-analyses encompass several effects, and show statistically significant 
reductions in injury crashes of 28% and 24% to 27%. 
The crash types examined encompass all crash types and solely injury crashes, so uniform 
crash reduction effects can be assumed. These results are expected and intuitive, since the 
measures are usually considered after under case-by-case examination and tailored for every 
high risk site. 
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1.5.1 Transferability 
Coded studies are based on data from Australia, Belgium, France and Norway. Two of the 
studies are meta-analyses, encompassing additional countries (Canada, Denmark, New 
Zealand, United Kingdom) in their. While this is a good sample of developed countries, there 
is scope for representation of other areas of the globe, and a respective gap in knowledge, 
particularly for less motorized regions. Most studies conducted a uniform examination of all 
crash types and road users. One meta-analysis separated studies by injury severity, while 
another considered different road types (urban vs. rural). In conclusion, there appears to be 
scope for a greater variety of approaches. 
1.5.2 Notes on analysis methods 
While the methods for capturing the impact of high risk site treatment are similar (before-
after measure application approaches), the outputs are interpreted in differing ways. 
Sometimes, raw crash numbers or descriptive statistics are provided, whilst other studies use 
significance testing to determine the level of statistical significance of each parameter. No 
considerable potential biases were identified in the before-after studies examined. In one 
case, several measures are investigated together (labelled as hotspot treatment): 
intersections treatments or replacements, speed calming, parallel service roads and others. 
This leads to an unclear outcome for the effectiveness of the measure. There is scope for 
investigating different road user categories and/or other geographical regions. The 
aforementioned factors make the findings for high risk site treatment transferable with 
caution. 
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2 SCIENTIFIC OVERVIEW 
2.1 Analysis of study designs and methods  
After appropriate use of search tools and databases, four (4) high quality studies were 
selected and coded for the measures of high risk site treatment. The primary parameter 
investigated was crash numbers, either collectively as in Meuleners et al. (2008) and Moisan 
et al. (2014) or via injury crash numbers, as in Elvik (2016). Similarly, the number of injured 
road users was examined in conjunction with CMFs (De Pauw et al., 2014).  
The number of crashes and injured users provides a very direct method for investigating 
effects on road safety. Whilst this is direct and comprehensible it is also fairly simplistic, and 
often ignores network particularities best captured via crash rates (e.g. taking into account 
vehicle-kilometers). However, the data would be more complex in nature and harder to work 
with. 
To examine the relationship between the effects of high risk site treatment, the studies 
utilised either significance testing (e.g. confidence interval calculation or standard error 
provision) or conducted basic descriptive statistical analysis as a minimum. 
It should be noted that studies relevant to this topic are particularly scarce in the literature, 
and there is a significant knowledge gap in this area. It is noteworthy that many of the studies 
consider road safety improvements as the consequence of implementing specific measures 
(i.e. as a result of high risk site treatment), not the beneficial impact of the screening 
processes themselves. The screening processes are often mentioned as an introductory 
process. 
Whilst the interpretation of this interrelation depends primarily on the view of the researcher, 
there is value in summarizing the direct numerical impacts of high risk site treatment for the 
benefit of road safety researchers and stakeholders. 
2.2 Literature Review 
All reviewed studies reported crash reductions after implementing high risk site treatment 
procedures, both overall and at a macroscopic level. For all results from Moisan et al. (2014) 
and for some descriptive statistics from De Pauw et al. (2014) no statistical significance 
testing was conducted or presented, and thus the findings are interpreted with caution.  
As previously stated, in several cases high risk site treatment proved to be highly effective at 
reducing the number of crashes and injured road users. De Pauw et al. (2014) found an 
isolated case of a small increase in the number of injured road users, but the respective study 
clearly reports overall positive effects for high risk site treatment with meta-analysing 
techniques. The study reports a statistically significant decrease in injurious crashes of 24 to 
27%. 
Additionally, the CMF calculated by this study ranges from 0.430 to 0.760, again indicating 
considerable crash reductions. It should be noted that the other meta-analysis included 
(Elvik, 2016) reports similar reductions for injurious crash numbers of 28%. The other two 
studies report a reduction in overall crash percentages (15%) or absolute numbers (reduction 
from 16 crashes to no crashes after implementing high risk site treatment (Meuleners et al., 
2008 and Moisan et al., 2014. These results are statistically significant importance and 
support the overall conclusions.  
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The overall positive results are intuitive considering the nature of the measure. Road safety 
environments are complex and dynamic: specialized, dedicated processes are required to 
locate potential problematic areas and determine their nature. Consequently, when such 
blackspots are identified and treated with measures that target their shortcomings, road 
safety levels increase.  
An overview of the main features of the coded studies (sample, method, outcome and 
results) is presented in Table 1. 
Number 
Author(s); 
Year; Country; 
Sampling frame for risk site 
treatment studies 
Method for risk site 
treatment impact 
investigation 
Outcome 
indicator 
Main Result 
1 
Elvik, R.; 2016; 
Norway  
Existing literature review and 
meta-analysis of relevant 
studies. 
Literature review and 
meta-analysis on the 
effect of treatment of 
high-risk sites or road 
sections on accidents. 
Injury 
accident 
numbers 
[Absolute 
difference] 
Improvement of high-risk 
sites and sections reduce the 
number of injury accidents 
by 28 %. The effect is 
somewhat larger for high-
risk sites than for high-risk 
road sections.  
2 
De Pauw, E., 
Daniels, S., 
Brims, T., 
Hermans, E., & 
Wets, G; 2014; 
Belgium 
A black spot programme with 
800 black spots, from which 
134 locations, redesigned 
between 2004 and 2007, were 
included. 
Empirical Bayes before-
and after study that 
accounts for effects of 
general trends and for the 
stochastic nature of 
crashes, including 
regression to the mean 
Crash 
numbers 
[CMF] &  
Injured road 
users 
[Relative 
difference] 
The analyses showed a 
decrease in the number of 
injury crashes of 24–27%, 
significant at the 1%-level. 
3 
Meuleners, L. 
B., Hendrie, D., 
Lee, A. H., & 
Legge, M.; 
2008; Australia 
This study evaluates the 
effectiveness of the Black 
Spot Programs in Western 
Australia. 
Poisson regression based 
on generalized estimating 
equations for before-and-
after comparison of 
crashes.  
Crash 
numbers 
[Percentage 
difference] 
The results showed that the 
programs have been 
effective overall, reducing all 
reported crash rates by 15%. 
4 
Moisan, O., 
Subirats, P., 
Bisson, O., 
Cheinisse, D., 
Chauvin, P., & 
Violette, E.; 
2014; France 
The Yvetot – La Mailleraye 
development project 
monitoring process. A 
multidisciplinary method was 
devised in order to trial safer 
projects that include road 
safety considerations at the 
design stage. 
Crash comparison 
Crash 
numbers 
[Absolute 
difference] 
Accidents were found to be 
reduced to zero from the 
implementation of various 
improvements in high risk 
sites. 
Table 1: Description of coded studies 
2.2.1 Limitations 
A few limitations can be arguably found in the current literature for the effects of high risk 
site treatment on road safety. Firstly, there are very few studies: this appears to be an under-
researched topic. This shortcoming may indicate that there is a lack of interest in 
implementing the measures, or in devising new methods to monitor their benefits, despite 
the clearly significant results presented in this synopsis. Research findings often demonstrate 
that the exact measures in a case-by-case approach are considered to be direct causes for 
road safety improvements, rather than the initiative of high risk location screening (to 
identify high risk areas and the corresponding measures). 
Secondly, all included studies originate from developed and highly motorized countries, 
known to possess and apply high road design standards. Hence, this sample is not particularly 
representative of the worldwide impact of high risk site treatment measures (similar to road 
safety audits and inspections) and as such any results and conclusions drawn from this 
synopsis are transferrable with caution. 
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2.3 Results for high risk sites treatment  
2.3.1 Introduction 
The effects of high risk sites treatment can be summarized as follows: 
• 3 studies with a significant decrease in road crashes, 1 of which reports a significant 
decrease in injured road users  
• 1 study with an unverified decrease in road crashes 
 
Table 2 is included in the supporting document, and presents the quantitative results of the 
coded studies together with their general effects on road safety.  
After collectively reviewing the results, the following points were observed: 
a) There is an adequate number of studies. However, 
b) The studies have used different methods for analysis. 
c) There are similar indicators but at times expressed differently 
d) The sampling frames were different, and there was a lack of statistical verification  
e) Two meta-analyses are already included in the studies examined  
2.4 Description of analysis carried out 
2.4.1 Review type analysis 
After considering the previous points, it was decided that a meta-analysis should not be 
carried out. Review type analysis was selected. The effect of the high risk site treatment 
measures is given via qualitative analysis.  
The findings show that the positive effects of high risk site treatment measures are: injury 
crash reductions apply across all segment types, both to road isolated sites and road sections. 
Similarly, the Crash Modification Factors (CMF) are positive when examining injury crashes 
or severe injury only crashes. The number of injured road users appears to be reduced 
uniformly for all road user groups, with one exception: a very small increase in the number of 
injured cyclists for a control group (blackspots treated later than the main test area). This can 
be attributed to study particularities. Furthermore, crash percentage numbers were found to 
be reduced for both urban and rural areas after implementing high risk site treatment 
measures, once again indicating their effectiveness.  
2.4.2 Overall estimate for road safety 
On the basis of both study and effect numbers, it can be argued that high risk site treatment 
measures have a positive effect on road safety. In a minority of cases its impact is unverified, 
or shows an isolated negative effect. The particular coded studies include two meta-analyses 
that encompass the benefit of several other studies. All studies have good levels of quality, 
and are generally consistent in their results. The overall benefits of these measures are not 
negated and should thus be considered accordingly. Results consistently show that the 
examined measure reduces road safety risk. This leads to the assignment of the light green 
colour code for high risk site treatment. 
2.5 Conclusion 
The review-type qualitative analysis carried out showed that high risk site treatment has a 
positive impact on road safety, reducing the number of crashes and the number of injured 
road users.  
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3 SUPPORTING DOCUMENT 
 
3.1 Supporting quantitative table 
Table 2 is shown below, and includes all quantitative effects from the coded studies for the 
measures of high risk site treatment.  
Number 
Author(s); Year; 
Country 
Measure 
Exposure  
Outcome 
indicator 
Quantitative Estimate 
Effect on 
road safety 
1 Elvik, R.; 2016; Norway  
High risk site 
treatment 
[meta-
analysis] 
Injury crash 
numbers 
[Relative 
difference] 
Treatment of high risk sites/sections: Percent 
accident change = -28%,  
CI [95%] = (-32%, -23%) 
↑ 
Treatment of high risk road sections: Percent 
accident change = -27%,  
CI [95%] = (-36%, -16%) 
↑ 
Treatment of high risk sites: Percent accident  
change = -31%,  
CI [95%] = (-39%, -23%) 
↑ 
2 
De Pauw, E., Daniels, 
S., Brijs, T., Hermans, 
E., & Wets, G; 2014; 
Belgium 
High risk site 
treatment 
[meta-
analysis] 
Crash numbers 
[CMF] 
Injury Accidents 
Group 1 (black spots treated after 2008):  
CMF = 0.760, p=0.010 
CI [99%] = (0.660, 0.870) 
↑ 
Severe Injury Accidents 
Group 1 (black spots treated after 2008):  
CMF = 0.540, p=0.010 
CI [99%] = (0.360, 0.810) 
↑ 
Injury Accidents 
Group 2 (all injury crashes in Flanders):  
CMF = 0.730, p=0.010 
CI [99%] = (0.640, 0.840) 
↑ 
Severe Injury Accidents 
Group 2 (all injury crashes in Flanders): 
CMF = 0.430, p=0.010 
CI [99%] = (0.280, 0.640) 
↑ 
Injured road users 
[Relative 
difference] 
Injury Accidents 
Group 2 (all injury crashes in Flanders):  
CMF = 0.730, p=0.010 
CI [99%] = (0.640, 0.840) 
↑* 
All Accidents - Car occupants: 
Group 2 (all injury crashes in Flanders):  
Percentile difference of injured users = -50.90 % 
↑* 
All Accidents - Car occupants: 
Group 1 (black spots treated after 2008):  
Percentile difference of injured users = -18.55 % 
↑* 
All Accidents - Moped riders: 
Group 2 (all injury crashes in Flanders):  
Percentile difference of injured users = -36.43 % 
↑* 
All Accidents - Moped riders: 
Group 1 (black spots treated after 2008):  
Percentile difference of injured users = -26.71 % 
↑* 
All Accidents - Cyclists: 
Group 2 (all injury crashes in Flanders):  
Percentile difference of injured users = -29.59 % 
↑* 
All Accidents - Cyclists: 
Group 1 (black spots treated after 2008):  
Percentile difference of injured users = 2.16 % 
↓* 
All Accidents - Motorcyclists: 
Group 2 (all injury crashes in Flanders):  
Percentile difference of injured users = -39.55 % 
↑* 
All Accidents - Motorcyclists: 
Group 1 (black spots treated after 2008):  
Percentile difference of injured users = -10.64 % 
↑* 
All Accidents - Pedestrians: 
Group 2 (all injury crashes in Flanders):  
Percentile difference of injured users = -27.20 % 
↑* 
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Number 
Author(s); Year; 
Country 
Measure 
Exposure  
Outcome 
indicator 
Quantitative Estimate 
Effect on 
road safety 
All Accidents - Pedestrians: 
Group 1 (black spots treated after 2008):  
Percentile difference of injured users = -18.44 % 
↑* 
All Accidents - Truck drivers: 
Group 2 (all injury crashes in Flanders):  
Percentile difference of injured users = -77.63 % 
↑* 
All Accidents - Truck drivers: 
Group 1 (black spots treated after 2008):  
Percentile difference of injured users = -21.33 % 
↑* 
3 
Meuleners, L. B., 
Hendrie, D., Lee, A. H., 
& Legge, M.; 2008; 
Australia 
High risk site 
treatment 
Crash numbers 
[Percentage 
difference] 
All roads - Whole program: Percent accident  
change = -14.60%, s.e.=0.0170, p = 0.0010 ↑ 
Urban roads - Whole program: Percent accident  
change = -15.70%, s.e.=0.0210, p = 0.0010 ↑ 
Rural roads - Whole program: Percent accident  
change = -13.60%, s.e.=0.0310, p = 0.0010 ↑ 
All roads - Intersection treatments: Percent 
accident  
change = -16.30%, s.e.=0.0200, p = 0.0010 
↑ 
Urban roads - Intersection treatments: Percent 
accident  
change = -15.90%, s.e.=0.0220, p = 0.0010 
↑ 
Rural roads - Intersection treatments: Percent 
accident  
change = -18.20%, s.e.=0.0510, p = 0.0010 
↑ 
All roads - Road section and non-intersection 
treatments: Percent accident  
change = -9.90%, s.e.=0.0380, p = 0.0060 
↑ 
Urban roads - Road section and non-
intersection treatments: Percent accident  
change = -10.00%, s.e.=0.1140, p = 0.3560 
- 
Rural roads - Road section and non-intersection 
treatments: Percent accident  
change = -11.10%, s.e.=0.0360, p = 0.0010 
↑ 
4 
Moisan, O., Subirats, 
P., Bisson, O., 
Cheinisse, D., Chauvin, 
P., & Violette, E.; 2014; 
France 
High risk site 
treatment 
Crash numbers 
[Percentage 
difference] 
Absolute accident  
change = - 16 ↑ 
  
↑ denotes positive road safety effects - denotes unclear or marginal road safety effects 
↓ denotes negative road safety effects 
* denotes that no statistical analysis was conducted for the significance of the 
effects  
 
Table 2: Quantitative results of coded studies and impacts on road safety. 
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3.2 Methodology  
3.2.1 Literature search strategy 
The literature search undertaken was for the two measures of high risk site treatment, as was 
examined in this synopsis. The results are summarized in the relevant tables. To locate all 
relevant scientific publications, several databases were searched. As with the standards 
specified for the SafetyCube project, journal or conference papers published after 1990 were 
prioritized ahead of reports. 
3.3 Identifying relevant studies for high risk site treatment  
Database: Scopus   Date: 20th of December 2016 
search no. search terms / operators / combined queries hits 
#1 "road" AND "safety"  
#2 AND (“risk site” OR “risk location” OR "hotspot" OR "blackspot") 473 
#3 AND (“identification” OR “location”) 452 
 All years 462 
 
Database: TRID (trid.trb.org) Date: 20th of December 2016 
search no. search terms / operators / combined queries hits 
#1 Risk site OR hot spot OR black spot identification effect  13 
 All years 18  
 
Database: Science Direct   Date: 20th of December 2016 
search no. search terms / operators / combined queries hits 
#1 "road" AND "safety" AND " risk site*" OR "hotspot" OR "blackspot" 39370 
#2 AND “identification” AND "effect"; Filter: safety 278 
 
Limitations/ Exclusions: 
• Search field: TITLE-ABS-KEY 
• Published: 1990 to current 
• Document Type: “Review” and “Article” 
• Language: “English” 
• Source Type: “Journal“ 
• Only Transport Journals were considered 
• Subject Area: “Engineering” 
 
3.4 Results of Literature Search 
 
Database Hits 
Scopus (remaining papers after several limitations/exclusions) 462 
TRID 18 
Science Direct 278 
Total number of studies to screen title/abstract 758 
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3.5 Screening  
Total number of studies to screen title/ abstract 758 
-De-duplication 0 
-exclusion criteria A (not related to the topic/not relevant risk factor) 737 
-exclusion criteria B (part of meta-analysis) 0 
Remaining studies 21 
Not clear (full-text is needed) 21 
Studies to obtain full-texts 21 
 
3.6 Eligibility  
Total number of studies to screen full-text 21 
Full-text could be obtained 9 
Reference list examined Y/N Yes (+0 papers) 
Eligible papers prioritized  4 
 
3.7 Prioritizing coding  
- Prioritizing Step A (accidents over other performance indicators)  
- Prioritizing Step B (Journals over conferences and reports) 
- Prioritizing Step C (journal quality) 
- Prioritizing Step D (more recent studies) 
No meta-analyses were found.  
 
3.8 List of coded studies for high risk site treatment 
1. De Pauw, E., Daniels, S., Brijs, T., Hermans, E., & Wets, G. (2014). Safety effects of an 
extensive black spot treatment programme in Flanders-Belgium. Accident Analysis 
& Prevention, 66, 72-79. 
2. Elvik, R., Høye, A., Vaa, T., & Sørensen, M. (Eds.). (2009). The handbook of road 
safety measures. Emerald Group Publishing Limited. 
3. Meuleners, L. B., Hendrie, D., Lee, A. H., & Legge, M. (2008). Effectiveness of the 
black spot programs in Western Australia. Accident Analysis & Prevention, 40(3), 
1211-1216. 
4. Moisan, O., Subirats, P., Bisson, O., Cheinisse, D., Chauvin, P., & Violette, E. (2014, 
April). A safer road with no accidents: a case study. In Transport Research Arena 
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1 Summary 
BRSI, 22/06/2017 
 
 
Colour code:  Green 
 
Speed and road safety are inversely correlated. In that context, speed limit reduction seemed to 
have a significant positive impact on road safety. Studies observed not only a decrease in fatal and 
serious injuries crashes but also other kinds of injuries. The effects seemed larger for a high level of 
initial speed than for a low level. No evidence of negative effects of speed limit reduction has been 
found. However, some studies lack of statistical results and should be taken with care.  
 
Keywords   
Road safety, speed limit reduction, crash risk, mean speed, injuries, fatal crash, meta-analysis, 
power model 
 
Abstract 
In the context of road transport, various speed limitations have been used worldwide, depending on 
historical background, infrastructure, country system of units, etc. It has been demonstrated that 
the faster vehicles travel, the more negative impacts on road safety there are: increased crash risk, 
increased severity, and increased fatality rate.  
In that context, this synopsis analysed one meta-analysis from 2013 and five other more recent 
studies in order to evaluate the impact of speed limit reduction on road safety. Speed limit reduction 
measures have demonstrated a positive impact on road safety. Speed reduction seemed to reduce 
average speed on the road which has positive effects on road safety. The meta-analysis predicted a 
strong exponential link between relative injuries/ fatal crash risk and initial speed. That means that a 
speed decrease on highways would have a greater positive effect than a speed decrease from 50 
km/h. No evidence was found of negative effects on crash rates, or (fatal) injuries. The synopsis also 
highlighted that the effects of speed limit reduction can change as a function of the considered road 
section: there seemed to have less effects on intersections than on through roads. But the meta-
analysis illustrated that speed limit reduction had globally positive effects on road safety 
everywhere in the studied countries 
This synopsis highlighted that the speed limit reduction can be considered as an important measure 
to improve road safety, but also that more studies including statistical analyses should be performed 
in order to confirm all these trends. 
 
Background 
The speed of an object is the rate of change in its position over time. The international system of 
units (SI) defines the unit of speed in terms of metres per second (m.s-1 or m/s). However, it has been 
easier in everyday life to quantify the speed in kilometres per hour (km/h). The speed limit reduction 
measure is therefore a measure of the decreasing rate of change in position over time. 
The literature review showed that speed limits can be reduced by the implementation of a 
decreased speed rule compared as before (De Pauw et al, 2014; Long et al., 2006). It can either be 
done as a general rule or regionally. Most often the reduction is not drastic, because it has been 
demonstrated that small changes had proportionally bigger effects on speed than major ones 
(Taylor et al., 2000). 
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Speed, by definition, directly affects road transport. It defines the mobility of persons and goods 
travelling from one location to another (Arts & Van Chagen, 2006). In today’s modern life, citizens 
want to have a high degree of mobility and the ability to travel fast by air, rail or road has become a 
requirement of our societies. 
But driving speeds also have a direct impact on the risk of the driver and other people being involved 
and severely injured in a crash as well as on noise and pollutant emissions (Elvik, 2013). 
 
What is a speed reduction measure? 
 
The literature review showed that speed limits can be reduced by the implementation of a 
decreased speed rule compared as before (Elvik 2013, De Pauw et al, 2014; Long et al., 2006). It can 
either be done as a general rule or regionally. Most often the reduction is not drastic, because it has 
been demonstrated that small changes had proportionally bigger effects on speed than major ones 
(Taylor et al., 2000).  
A speed limit reduction can be definitive or temporary (for instance, linked to the weather, or linked 
to seasonal speed limits). 
The objectives for this speed reduction measures vary from one place to another: it may be for road 
safety concerns, for environmental issues, for noise, or simply political decisions. In this synopsis we 
will focus only on road safety related measures. 
 
How is speed measured? 
 
Speed can be measured instantly or as an average over a known distance (Soole et al., 2013). In 
order to compute the speed of a vehicle from a remote location, different devices can be used. The 
vehicle speed can be registered using automatic speed cameras (Keall et al., 2001). These cameras 
can be hidden or visible.  Speed guns, manipulated by police officers, are also often used (Pilkington 
& Kinra, 2005): they are small devices using radar technology which produces and collects waves: 
the change of the wavelength can give the speed of the observed object. Police officers can also use 
laser speed guns, so called Lidar (Solomon 2006). They produce infrared light that is reflected by the 
car: the time taken to get back to the laser changes over time and it is then possible to compute 
accurately the speed of the vehicle. These guns are small and portable, so they can be used almost 
everywhere. 
Average speed can also be calculated. In order to do so, ANPR (automated number plate 
recognition) cameras are used in at least two locations on the road (Qadri & Asif, 2009). Knowing 
the distance between these two locations, and the time taken by the vehicle to reach the second 
one, it is possible to compute its average speed through the whole section. The zones where these 
devices are implemented are known as section controls. 
 
How is the effect of speed reduction measures on road safety studied? 
 
The most direct way to investigate the effects of a speed reduction measure is to compare the mean 
speed in a before-after study, as in Islam (2014). Most of the studies are also road safety related. In 
these studies, crashes are analysed before and after the implementation of the speed limit reduction 
measure. Crash rate, fatal crash rate, and injury rate are most often reported (Elvik, 2013). 
 
What can influence speed reduction measures? 
 
In order to be respected, the speed reduction has to be understood by the road users, and has to fit 
with the infrastructure and the usual traffic. Anmajor speed decrease in a non-accident-prone area 
will not be understood and therefore will not be applied by a substantial proportion of drivers 
(Martinez et al., 2013). 
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Overview of the results 
 
For this synopsis, an important meta-analysis (Elvik, 2013) and four other studies were used. No 
results found a negative effect of using speed reduction measures. In the meta-analysis, benefits 
were quantified for fatal crashes and injury crashes: the results gave significant effects of speed limit 
reduction on road safety, with very high R squared above 0.98. The relationship is therefore really 
strong. Speed limit reduction drastically decreased the relative number of (fatal) accidents. The 
relative decrease is more important at a high level of initial speed. Finally this meta-analysis took 
into account a total of 115 studies from almost 20 countries worldwide: the effects of speed limit 
reduction seem significant anywhere. 
Islam et al. (2014) also observed a decrease of mean speed with an implementation of speed 
reduction (From 50 to 40 km/h): a significant decrease of 3.86 km/h was observed after 3 months, 
and a more significant decrease of 4.88 km/h was observed after 6 months.  
But the benefits are not observed on all road types. For instance at intersections, a non-significant 
odds ratio equal to 0.97 for serious injuries was observed, while on through roads a significant odds 
ratio equal to 0.64 was observed, according to DePauw et al. 2014. Finally, some papers only 
observed trends and lacked rigorous statistical models.  
 
Transferability 
 
Speed is one of the four main killers on the road. In that context, this literature review highlighted 
that speed reduction measures are massively studied and applied in many countries all over the 
world. The main results suggested that speed reduction measures increase road safety. Crash rates, 
injuries and fatal crashes generally tend to decrease with reduced speed. However, more studies are 
still needed in order to remove ambiguity of some results. 
 
Notes on analysis methods 
 
This synopsis was prepared as a review type analysis. A systematic review of the recent studies was 
carried out, and a recent and very exhaustive review from 2013 was found (Elvik 2013). The results of 
this meta-analysis were not ambiguous. Some more recent papers (Islam 2014, De Pauw et al. 2014, 
IRTAD report 2017) were then added and their results were in total accordance with Elvik (2013). 
Therefore it was decided not to conduct our own meta-analysis because of the likelihood that it 
would add little value to this document. 
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2 Scientific details 
2.1 ANALYSIS OF STUDY DESIGNS AND METHODS 
 
Description of the studies 
 
In order to elaborate on this synopsis, one meta-analysis and four other recent papers have been 
coded. These studies are presented in Table 1. 
 
 
Description of the main research methods 
The main research method to study speed reduction measures is a before-after study. It is indeed 
the main method used in evaluation studies of an implemented measure. This method has 
advantages in terms of experimental design: the same road is studied, including the same 
infrastructure, the same traffic and the same general characteristics. Most of the time, the only 
thing that has changed is the speed limit. So normalisation required in order to specifically study the 
speed reduction measure is drastically limited. The only limitation is to get the “before” data in order 
to compare it to the “after” data in terms of crash rate, injuries, mean speed, etc. 
Observational studies can be trickier to prepare in term of experimental design. Most of the time 
researchers want to compare roads with reduced speed limits to roads where the speed limit 
remained the same. In order to do so, comparable roads have to be found for the control group. The 
control roads have to have the same kind of infrastructure, the same kind of traffic flow etc. But this 
research method remains a good solution if you do not have data from the situation before the 
implementation of a decreased speed limit. 
The outcomes of the studies can be divided into two groups. The first one is physical measure 
related outcomes such as mean speed, variation of speed, decrease of speed. The second one is 
crash related outcomes such as crash events, crash severities, fatal crash, injuries etc. 
Table 1. presents the selected studies. De Pauw et al. (2014) and Islam (2014) used the before-after 
study method. De Pauw et al. (2014) focused on crash related outcomes while Islam focused on a 
comparison of the mean speed before and after the implementation of the new speed regulation. 
Long et al (2006) performed an observational study where they compared different roads with or 
without a decreased speed limit. The considered outcome was then crash causalities. 
Elvik (2013) investigates 115 studies that are a mix of all the research methods. 
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Table 1: Studies on speed reduction driving analysed for this study. 
 
 
 
2.2 STUDY RESULTS 
 
The results highlighted by the various analysed studies are presented in Table 3.  
 
Crash related outputs 
 
Most of the studies had an outcome related to crashes. The Elvik (2013) meta-analysis, that included 
115 scientific studies, fitted an exponential function to link fatal crash and injuries with initial speed. 
The R² resulting from this regression was equal to 0.99 and 0.98 for injuries and fatal accidents, 
respectively. There is therefore a very strong link between speed limit reduction and road safety. 
This also highlighted that the positive effects of speed reduction would be more pronounced at a 
high level of initial speed (motorways) than at low speed (urban roads). This is true both for fatal 
accidents and for injury crashes. The IRTAD report also observed the same trend. Severe injuries 
seem to benefit more than other injuries in De Pauw et al. (2013). Finally the effects seemed to vary 
between the road types considered: for in De Pauw et al. (2013) no effect was observed at 
intersections, but significant benefits at through roads (Table 3). 
 
Mean speed outputs 
 
One study analysed in this synopsis studied the mean speed after the implementation of speed 
reduction measures. Mean speed can be considered as an indirect measure of the effects on road 
safety. In that context, Islam (2014) studied the mean speed change after the implementation of a 
Author 
 
Year Measure Study type Outcome 
variable 
DePauw 
et al.  
 
2014 Speed 
reduction 
Before-after 
study 
Injury crashes 
Severe crashes 
Elvik 2013 Speed 
reduction / 
Speed 
management 
Review and 
meta-analysis  
Fatal accidents 
Injury accidents 
IRTAD 
group 
2017 Speed 
change 
Systematic 
review 
Change of 
fatalities 
Change of 
severe injuries 
Change of 
crashes 
Islam 2014 Speed 
reduction 
Before-after 
study 
Mean speed 
Long et 
al. 
2006 Speed 
reduction 
Observational 
study 
Crash casualties 
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reduced speed limit from 50 km/h to 40km/h in urban areas of Edmonton in Canada. It was 
measured 3 months after the implementation of the new speed limit, and then 3 months later. The 
study highlighted a significant speed decrease of the traffic flow equal to 3.86 km/h after 3 months, 
and a more significant decrease of 4.88 km/h after 6 months. The speed reduction measure had a 
significant effect, and can therefore improve road safety (Table 3). 
 
Modifying conditions 
 
It should also be noticed by the reader that the homogeneity of the traffic flow is an important 
parameter on road safety. Many studies have indeed demonstrated that homogeneous traffic flow 
increases road safety (Baruya A., 1997; Kloeden et al., 1997 and Elvik et al., 2004). 
In that context, dynamic speed limits (which automatically decrease speed under particular 
conditions) have demonstrated a positive impact on the traffic flow, as in Van Ness et al. (2010). This 
can also be considered as a positive side-effect for road safety. 
Nevertheless the benefits of speed reductions on road safety seemed to vary between locations in 
De Pauw et al. (2014), where they observed significant effects on through roads but not at 
intersections. 
 
Meta-analysis 
 
The literature review highlighted an important meta-analysis about the relationship between speed 
reduction and road safety. It is a very intensive piece of work that startedwith a first report in 2004 
(Elvik, 2004), containing 98 studies, followed by an updated report in 2009 (Elvik 2009) with 17 new 
studies. Finally, a re-analysis of all the results was performed in 2013 (Elvik 2013) in order to test 
another linkage function. Elvik (2013) is therefore a meta-analysis based on 115 scientific articles and 
460 estimates about the evaluation of speed reduction (including speed limit reduction) on fatal 
accidents and injury accidents from many countries across the world. The purpose of this work was 
also to test the best relationship between speed reduction and accidents: either the power model of 
Nilsson (Nilsson, 2004), or, an exponential function from Hauer and Bonneson (2006). 
 
The general form of the Power Model is: 
 
𝑎𝑐𝑐𝑖𝑑𝑒𝑛𝑡𝑎𝑓𝑡𝑒𝑟 = 𝑎𝑐𝑐𝑖𝑑𝑒𝑛𝑡𝑏𝑒𝑓𝑜𝑟𝑒 . (
𝑠𝑝𝑒𝑒𝑑𝑎𝑓𝑡𝑒𝑟
𝑠𝑝𝑒𝑒𝑑𝑏𝑒𝑓𝑜𝑟𝑒
)𝑒𝑥𝑝𝑜𝑛𝑒𝑛𝑡 
 
Separate exponents are fitted for accidents at different levels of severity and for injured road users 
at different levels of severity. The Power Model implies that the effect on accidents of a given 
severity of a given relative change in speed is independent of initial speed. 
 
The function developed by Hauer and Bonneson (2006) is formulated as follows: 
 
AMF (for a speed change from v to v ∗) = 𝑒𝛼[𝑣−𝑣∗+(
𝛽
2).(𝑣
2−𝑣∗2)] 
 
AMF is the accident modification factor associated with a certain change in speed. Thus, an AMF of, 
for example, 0.80 corresponds to an accident reduction of 20%. Speed is stated in miles per hour. α 
and β are coefficients estimated by means of regression analysis. This equation implies that the 
effects of speed reduction would be more important at a high level of initial speed. 
 
The original results from of the Elvik (2013) meta-analysis are presented in Figure 1 and Figure 2. 
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Figure 1: Power and exponential function fitted to the fatal accident data. From Elvik, 2013. 
 
Figure 1 illustrates the relationship between the initial speed and the relative number of fatal 
accidents. The link between these two variables is very clear: if the speed decreases, the relative 
number of fatal accidents will decrease, too. Figure 1 also compares the power model with the 
exponential model. In the case of fatal accidents, it is not so obvious which model would have the 
best outcome. Nevertheless, both relationships suggest that a speed decrease for a high initial 
speed would be very efficient for improving road safety. 
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Figure 2: Power and exponential function fitted to the injury data. From Elvik, 2013. 
 
 
Figure 2illustrates the relationship between initial speed and the relative number of injury accidents. 
The link between these two variables is very clear: if the speed decreases, the relative number of 
fatal accidents will decrease too. Figure 2 also compares the power model with the exponential 
model. In the case of injury accidents, the exponential function fits the data very well. So a speed 
decrease for high level of initial speed would be very efficient for improving road safety. 
 
 
Description of analysis carried out 
 
This synopsis was prepared as a review type analysis. A systematic review of the recent studies was 
carried out, and a recent and very exhaustive review from 2013 was found (Elvik 2013). Some more 
recent papers (Islam 2014, De Pauw et al. 2014, IRTAD report 2017) were then added to get the most 
global picture of the effects of speed limit reduction on road safety.  
Both the results from the meta-analysis and the results from the other analysed papers gave 
significant effects of speed limit reduction on road safety, with very high R squared (> 0.98). In that 
context, the colour green was given to the speed limit reduction measure, because its effects seem 
unambiguous, and no negative effect was found in any of the studies. 
 
 
Conclusion 
 
Speed is one of the four main killers on the road. On the other hand, speed directly affects road 
transport. In today’s modern life, citizens want to have a high degree of mobility and the ability to 
travel fast by air, rail or road has become a requirement of our societies. Therefore, there is an 
essential consensus to be made between these two contradictions.  
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Speed limit reduction measures may be applied, but the purposes vary from one place to another: it 
could be for road safety concerns, for environmental issues or simply political decisions. The 
synopsis has focused, of course, only on road safety related measures. 
Regarding road safety concerns, the literature review highlighted that speed reduction measures are 
massively studied and applied in many countries all over the world. The geographical level of speed 
reduction zones vary from very locally (for instance using a traffic calming device) to regionally (the 
government changes the rule for many motorways, for instance). 
Achange to speed limits is a quite common measure. The main results suggested that most of the 
time it had positive effects at all levels (locally and regionally).  
Speed limit reduction measures were usually decreasing the mean speed of traffic flow, having 
positive consequences on road safety. 
Crash related outcomes also benefitted from speed reduction measures. Interestingly Elvik (2013) 
illustrated that when speed reduction was impacting road safety exponentially: high speed was even 
more positively impacted than lower speed. Fatal crashes and injury crashes decreased importantly 
with decreased speed limit.  
No study showed negative effects of speed reduction on road safety.  
However, some studies did not make statistical tests on their results, so more studies are still 
needed in order confirm all the positive trends described in the present review. 
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3 Supporting documents 
Literature reviewed by the Elvik (2013)  
The meta-analysis of Elvik 2013 is based on a previous work from 2009. The 115 scientific articles 
used to prepare the meta-analysis are presented inTable 2. All studies related to speed limits are in 
bold 
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Table 2: Studies used in Elvik 2013 meta-analysis. All studies related to speed limits are highlighted 
in bold 
Authors Year Country Measure evaluated Number of estimates of effect 
Studies from the 2004 report 
Munden 1966 Great Britain Speed enforcement 12 
Ekström et al 1967 Sweden Speed enforcement 2 
Hall et al 1970 Ireland General speed limits 2 
Jönrup and Svensson 1971 Sweden Local speed limits 20 
Rutley 1972 Great Britain Recommended speed 7 
Wahlgren 1972 Finland Seasonal speed limits 3 
Andersson and Nilsson 1974 Sweden Local speed limits 3 
Brodersen et al 1975 Denmark General speed limits 3 
Brodin and Ringhagen 1975 
 
Sweden Local speed limits 1 
Burritt et al 1976 
 
United States General speed limits 1 
Nilsson 1976 Sweden Local speed limits 12 
Scott and Barton 1976 Great Britain General speed limits 2 
Kemper and Byington 1977 United States General speed limits 6 
Brackett and Beecher 1980 United States Speed enforcement 3 
Daltrey and Healy 1980 Australia General speed limits 4 
Nilsson 1980 Sweden Seasonal speed limit 6 
Roop and Brackett 1980 United Stares Speed enforcement 18 
Amundsen 1981 Norway Local speed limits 2 
Christensen 1981 Denmark General speed limits 2 
Koshi and Kashima 1981 Japan Local speed limit 3 
Salusjärvi 1981 Finland Local speed limits 24 
 Safety Cube | Speed management & enforcement |Reduction of speed limit| WP5 
 
Baguley 1982 Great Britain Speed humps 7 
Frith and Toomath 1982 New Zealand General speed limit 4 
Salusjärvi 1982 Norway Local speed limits 2 
Amundsen 1983 Norway Local speed limits 1 
Borges et al 1985 Denmark Environmental streets 5 
Jørgensen et al 1985 Nordic countries General speed limits 4 
Sakshaug 1986 Norway Local speed limits 4 
Engel 1987 Denmark General speed limits 1 
Ullman and Dudek 1987 United States Local speed limits 12 
Dietrich et al 1988 Switzerland General speed limits 8 
Engel and Thomsen 1988 Denmark General speed limits 3 
Salusjärvi and Mäkinen 1988 Finland Speed enforcement 4 
Stølan 1988 Norway Environmental streets 2 
Gallaher et al 1989 United States General speed limit 1 
McCartt and Rood 1989 United States Speed enforcement 6 
Pigman et al 1989 United States States unmanned radar 4 
Rijkswaterstaat 1989  Netherlands General speed limit 2 
Upchurch 1989 United States General speed limit 3 
US Dept of Transportation 1989 United States General speed limit 2 
Brown et al 1990  United States General speed limit 6 
Engel and Thomsen 1990  Denmark Speed humps 2 
Giæver and Meland 1990 Norway Speed humps 3 
Nilsson 1990  Sweden Seasonal speed limits 4 
Roszbach  1990  Netherlands General speed limit 1 
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Sidhu  1990  United States General speed limit 6 
Smith 1990  United States General speed limit 2 
Andersson 1991  Sweden  Speed enforcement 6 
Angenendt 1991  Germany Environmental streets 2 
Freiholtz 1991 Sweden  Environmental streets 2 
Jernigan and Lynn 1991 United Stat General speed limit 1 
Baier 1992 Germany Speed limit zones 2 
Baier et al 1992  Germany Environmental streets 2 
Godwin  1992  United States General speed limit 2 
Oei and Polak 1992  Netherlands Speed cameras 4 
Nilsson 1992  Sweden  Speed cameras 4 
Schnüll and Lange 1992 Germany Environmental streets 3 
Sliogeris  1992  Australia General speed limit 2 
Aakjer-Nielsen and Herrstedt 1993 Denmark Environmental streets 6 
Herrstedt et al 1993  Denmark  Environmental streets 29 
Engel and Andersen 1994  Denmark Environmental streets 1 
Sammer 1994  Austria Local speed limits 2 
Rock 1995  United States General speed limit 3 
Wheeler and Taylor 1995 Great Britain  Environmental streets 6 
ETSC 1996  Denmark  Speed humps 10 
Griborn  1996  Sweden  Environmental streets 1 
Webster and Mackie 1996  Great Britain Speed humps 3 
Liu and Popoff 1997  Canada Driver speed choice 1 
Parker 1997  United States Local speed limits 28 
Aljanahi et al 1999  Bahrain Driver speed choice 1 
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Antov and Roivas 1999 Estonia Seasonal speed limits 2 
Buss 1999  Germany  Temporary lane 1 
Eriksson and Agustsson 1999  Denmark  Environmental streets 1 
Farmer et al 1999  United States General speed limit 1 
Lamm et al 1999  Germany  Speed cameras 3 
Wheeler and Taylor 1999  Great Britain  Environmental streets 6 
Andersson 2000  Sweden  Speed enforcement 2 
Andersson 2000  Sweden Local speed limits 4 
Kronberg and Nilsson 2000  Sweden Speed cameras 3 
Peltola 2000 Finland Seasonal speed limits 4 
Wretling 2000  Sweden Local speed limits 4 
Abel and Matthes 2001  Germany Local speed limits 17 
Agustsson 2001  Denmark  Environmental streets 1 
Burns et al 2001  Great Britain Local speed limits 2 
Keall et al 2001  New Zealand Speed cameras 2 
Ossiander and Cummings  2002  United States General speed limit 1 
Pez  2002  Germany  Speed enforcement 4 
Taylor et al 2002  Great Britain Driver speed choice 1 
Andersson 2003  Sweden  Speed cameras 6 
Goldenbeld et al 2003  Netherlands Speed enforcement 1 
Grendstad et al 2003  Norway Environmental streets 6 
Myrup and Agustsson 2003  Denmark Speed cameras 6 
Varhelyi et al 2003  Sweden ISA trial 1 
Nilsson 2004  Sweden Driver speed choice 6 
Ragnøy 2004  Norway  Speed limits 4 
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Study results 
 
 
 
 
Richter et al 2004  Israel Speed limits 1 
Stuster 2004  United States Speed enforcement 14 
Vernon et al 2004  United States  Speed limit 3 
Studies added in the 2009 report 
Dart 1977 United States Speed limit 3 
Erwing 1999 United States Traffic calming 4 
Povey, Frith and Keall 2003 New Zealand Police enforcement 2 
Webster and Layfield 2003 Great Britain Traffic Calming 6 
Mountain, Hisrt and Maher 2004 Great Britain Speed Cameras 1 
Cunningham , Hummer, Moon 2005 United States Speed Cameras 6 
Gains et al. 2005 Great Britain Speed Cameras 1 
Lindemann 2005 Switzerland Speed Cameras 2 
Mountain, Hisrt and Maher 2005 Great Britain Speed Cameras 3 
Kockelman 2006 United States Speed limits 3 
Long et al. 2006 Australia Speed limits 6 
Bobeski et al. 2007 Australia Police Enforcement 2 
Christensen and Ragnoy 2007 Norway Speed limits 3 
D’Elia, Newstead Cameron 2007 Australia Police enforcement 2 
Kloeden, Wooley, Mclean 2007 Australia Speed limit 12 
Reiff et al. (Elvik) 2008 Denmark Speed limit 8 
Shin, Washington, Schalkwyk 2009 United States Speed camera 2 
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Table 3: Studies on speed reduction measure analysed for this study. Effects on road safety are 
coded as: positive (↗), negative (↘), non-significant () or no test for significance reported (∕). 
 
Author, 
Year, 
Country 
Outcome 
variable 
Estimates Symbol on road safety Effects for Road Safety 
DePauw 
et al, 
2014, 
Belgium 
 
Injury crashes 
Severe crashes 
Odds ratios 
All roads: 
Injuries: 0.95 
Severe injuries: 0.67 
intersections: 
Injuries: 1;11 
Severe injuries: 0.94 
Through roads: 
Injuries: 0.89 
Severe injuries:0.64 
 
 
All roads : ↗ 
Intersections: - 
Through roads: ↗ 
All roads : significant 
positive effect on road 
safety for severe injuries 
Intersections : Non 
significant effect on road 
safety 
Through roads: Significant 
positive effect on road 
safety for both injuries and 
severe injuries 
Elvik, 
2013, 
Many 
countries 
Injuries 
Fatal crash 
Non-linear regression : 
exponential function 
(weighted estimates) 
Injuries: 
R²=0.994 
Constant: 1.983 
Speed term= 0.034   
Fatal accidents: 
R²=0.981 
Constant: 0.072 
Speed term= 0.069   
 
 
Injuries : ↗ 
Fatal accident: ↗ 
 
Injuries and fatal accident fit 
very well with an 
exponential model as a 
function of initial speed 
IRTAD, 
2017, 
Many 
countries 
Change of 
fatalities 
Change of severe 
injuries 
Change of 
crashes 
/ ∕ Positive effect for road 
safety for all outcomes, but 
without statistical tests 
Islam, 
2014, 
Australia 
Mean speed Absolute differences 
3 months after = - 3.86 
km/h 
6 months after = - 4.88 
km/h 
↗ Significant positive effect 
on road safety: decrease of 
speed 
Long et 
al, 2006, 
Australia 
Crash casualties Relative proportion 
- 20% 
∕ Positive effect on road 
safety, without statistical 
test results 
 
 
Methodology  
 
The scientific literature database that was investigated for this literature study was Google Scholar. 
It was analysed between the 5th and 11th of May 2017. Some limitations/ exclusions have to be 
applied: only papers after the year 2000, only relevant countries, meta-analyses were preferred, 
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simple experimental designs were preferred, and we tried to get the most common type of outputs 
regarding speed limit reduction. Table 4 presents the results of the database research using 
different keywords. 
 
Table 4: Results from the google scholar database research 
search no. search terms / operators / combined queries hits 
#1 measure reduction of speed limit meta-analysis 18 100 
 
#2 effect reduction speed limits crashes 
 
116000 
 
#3 effect "speed limit reduction" crash 
 
636 
#4 effect "speed limit reduction" crash 
>2000 
598 
 
 
 
From this first research, only relevant titles were selected, and the number of relevant studies is 
presented in Table 5. 
 
Table 5: Results Literature Search: Papers which has relevant titles 
Database Hits 
  
Google Scholar (remaining papers after 
limitations/exclusions) 
>200 
Studies to obtain full texts (after screening) 50 
 
Eligibility 
Finally, full texts of the remaining articles had to be obtained, and 24 of the 50 papers were ready for 
analyses. 
 
Total number of studies to screen full-text 50 
Full-text could be obtained 24 
Reference list examined Y/N N 
Eligible papers 24 
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Prioritising Coding 
The coding order was prioritised following the order below: 
1. Meta-analysis. 
2. Recent studies (if possible after 2010 for meta-analysis, after 2010 for the others) 
3. Clear experimental design. 
4. Tried to cover the most common outputs when dealing with speed reduction measure 
evaluation 
 
 
 
  
 Safety Cube | Speed management & enforcement |Reduction of speed limit| WP5 
 
References 
General references 
Aarts, L., & Van Schagen, I. (2006). Driving speed and the risk of road crashes: A review. Accident 
Analysis & Prevention, 38(2), 215-224. 
 
Afukaar, F. K. (2003). Speed control in developing countries: issues, challenges and opportunities in 
reducing road traffic injuries. Injury control and safety promotion, 10(1-2), 77-81. 
 
Baruya A. (1997). A Review of speed-accident relationship for European roads: public MASTER. 
Transport Research Laboratory. 
 
Bhatnagar, Y., Saffron, D., De Roos, M., & Graham, A. (2010, August). Changes to speed limits and 
crash outcome-Great Western Highway case study. In Proceedings of the 2010 Australasian 
Road Safety Research, Policing and Education Conference, 3l Aug-3 Sep. 
 
Chen, L., Chen, C., Ewing, R., McKnight, C. E., Srinivasan, R., & Roe, M. (2013). Safety 
countermeasures and crash reduction in New York City—Experience and lessons learned. 
Accident Analysis & Prevention, 50, 312-322. 
 
De Pauw, E., Daniels, S., Thierie, M., & Brijs, T. (2014). Safety effects of reducing the speed limit 
from 90km/h to 70km/h. Accident Analysis & Prevention, 62, 426-431. 
 
El-Basyouny, K., & El-Bassiouni, M. Y. (2013). Modeling and analyzing traffic safety perceptions: An 
application to the speed limit reduction pilot project in Edmonton, Alberta. Accident 
Analysis & Prevention, 51, 156-167. 
 
Elvik R., Christensen P., Amundsen A. (2004). Speed and road accidents: an evaluation of the Power 
Model. TOI report 740/2004, Institute of Transport Economics, Oslo.  
 
Elvik, R. (2009). The Power Model of the relationship between speed and road safety: update and 
new analyses (No. 1034/2009). 
Elvik, R. (2013). Risk of road accident associated with the use of drugs: A systematic review and 
meta-analysis of evidence from epidemiological studies. Accident Analysis & Prevention, 60, 
254-267. 
Finley, M. (2011). Field evaluation of motorist reactions to reduced work zone speed limits and other 
work zone conditions. Transportation Research Record: Journal of the Transportation 
Research Board, (2258), 40-48. 
 
Forbes, G. J. (2011). Speed reduction techniques for rural high-to-low speed transitions (Vol. 412). 
Transportation Research Board. 
 
Hauer, E., & Bonneson, J. (2006). An empirical examination of the relationship between speed and 
road accidents based on data by Elvik, Christensen and Amundsen. Unpublished manuscript 
dated March, 5, 2006. 
 
 Safety Cube | Speed management & enforcement |Reduction of speed limit| WP5 
 
Heydari, S., Miranda-Moreno, L. F., & Liping, F. (2014). Speed limit reduction in urban areas: A 
before–after study using Bayesian generalized mixed linear models. Accident Analysis & 
Prevention, 73, 252-261. 
 
Islam, M. T., El-Basyouny, K., & Ibrahim, S. E. (2014). The impact of lowered residential speed limits 
on vehicle speed behavior. Safety science, 62, 483-494. 
 
Jongen, E. M., Brijs, K., Mollu, K., Brijs, T., & Wets, G. (2011). 70 km/h Speed Limits on Former 90 
km/h Roads Effects of Sign Repetition and Distraction on Speed. Human Factors: The 
Journal of the Human Factors and Ergonomics Society, 53(6), 771-785. 
 
Lahausse, J. A., van Nes, N., Fildes, B. N., & Keall, M. D. (2010). Attitudes towards current and 
lowered speed limits in Australia. Accident Analysis & Prevention, 42(6), 2108-2116. 
 
Long, A. D., Kloeden, C. N., Hutchinson, P., & McLean, J. (2006). Reduction of speed limit from 110 
km/h to 100 km/h on certain roads in South Australia: a preliminary evaluation. 
 
Matírnez, A., Mántaras, D. A., & Luque, P. (2013). Reducing posted speed and perceptual 
countermeasures to improve safety in road stretches with a high concentration of accidents. 
Safety science, 60, 160-168. 
 
Nilsson, G. (1990). REDUCTION IN THE SPEED LIMIT FROM 110KM/H TO 90KM/H DURING 
SUMMER 1989. EFFECTS ON PERSONAL INJURY ACCIDENTS, INJURED AND SPEEDS. VTI 
Rapport, (358A). 
 
Nilsson, G. (2004). Traffic safety dimensions and the power model to describe the effect of speed on 
safety. Bulletin-Lunds Tekniska Högskola, Inst för Teknik och Samhälle, Lunds Universitet, 
221. 
 
Qadri, M. T., & Asif, M. (2009, April). Automatic number plate recognition system for vehicle 
identification using optical character recognition. In Education Technology and Computer, 
2009. ICETC'09. International Conference on (pp. 335-338). IEEE. 
 
Pilkington, P., & Kinra, S. (2005). Effectiveness of speed cameras in preventing road traffic collisions 
and related casualties: systematic review. Bmj, 330(7487), 331-334. 
 
Richter, E. D., Berman, T., Friedman, L., & Ben-David, G. (2006). Speed, road injury, and public 
health. Annu. Rev. Public Health, 27, 125-152. 
 
Solomon, L. (2006). Lidar: The Speed Enforcement Weapon of Choice. Law Enforcement 
Technology, 33(10), 72-76. 
 
Soole, D. W., Watson, B. C., & Fleiter, J. J. (2013). Effects of average speed enforcement on speed 
compliance and crashes: A review of the literature. Accident Analysis & Prevention, 54, 46-
56. 
 
Taylor, M. C., Lynam, D. A., & Baruya, A. (2000). The effects of drivers' speed on the frequency of 
road accidents. Crowthorne: Transport Research Laboratory. 
 
Walker, R. T., Gardner, G., & McFetridge, M. (1989). Urban safety project: The Nelson scheme. Traffic 
Safety Division, Traffic Group, Transport and Road Research Laboratory. 
 
 Safety Cube | Speed management & enforcement |Reduction of speed limit| WP5 
 
Ward H, Norrie J, Sang A, et al. Urban Safety Project: the Sheffield scheme. Crowthorne, Berks: 
Transport and Road Research Laboratory, 1989 (contractor report 134). 
 
Wilmot, C. G., & Khanal, M. (1999). Effect of speed limits on speed and safety: a review. Transport 
Reviews, 19(4), 315-329. 
 
Woolley, J. (2005). Recent advantages of lower speed limits in Australia. Journal of the Eastern Asia 
Society for Transportation Studies, 6, 3562-3573. 
 
Zahabi, S., Strauss, J., Manaugh, K., & Miranda-Moreno, L. (2011). Estimating potential effect of 
speed limits, built environment, and other factors on severity of pedestrian and cyclist 
injuries in crashes. Transportation Research Record: Journal of the Transportation Research 
Board, (2247), 81-90. 
 
 
References used in Elvik (2013) 
 
Aakjer-Nielsen, M. and L. Herrstedt (1993). Effekt af miljøprioriteret gennemfart. Trafiksikkerhed. 
Vinderup, Skærbæk og Ugerløse. Notat 2. Vejdatalaboratoriet, Herlev. 
 
Abel, H. and U. Matthes (2001). Auswirkungen einer flächendeckenden Einführung von Tempo 30 
innerorts auf die Unfallzahlen in der Schweitz. Prognos AG, Basel.  
 
Agustsson, L. (2001). Danish experiences with speed zones/variable speed limits. Paper presented at 
the Conference traffic safety on three continents, Moscow, September 19-21, 2001 
(available on CD-Rom).  
 
Aljahani, A. A. M., A. H. Rhodes and A. V. Metcalfe (1999). Speed, speed limits and road traffic 
accidents under free flow conditions. Accident Analysis and Prevention, 31, 161-168. 
 
Amundsen, F. H. (1981). Effektmåling av fartsgrense. 60 km/t langs Ev18 i Vestfold. 
Tredjeettermåling. TØI-notat 585, revidert utgave 11.11.1981. Transportøkonomisk institutt, 
Oslo.    
 
Amundsen, F. H. (1983). Effektmåling av fartsgrense 60 km/t langs E18 i Vestfold (4de ettermåling). 
TØI-notat 620 av 20.10.1982, revidert 19.04.83. Transportøkonomisk institutt, Oslo.    
 
Andersson, B. M. and G. Nilsson (1974). Hastighetsbegränsningars effekt på trafikolyckor. 
Jämförelse mellan hastighetsgränserna 130 och 110 km/h på motorvägar samt 
hastighetsgränserna 90 och 100 km/h på tvåfältsvägar. VTI-rapport 59. Statens väg- och 
trafikinstitut (VTI), Stockholm. 
 
Andersson, G. (1991). Effekter på hastigheter av intensifierad övervakning med radar. 
Transportforskningsberedningen (TFB) og Statens väg- och trafikinstitut (VTI) 
forskning/research nr 6, Stockholm og Linköping. 
 
Andersson, G. (2000). Lugna Dalom – et samverkansprojekt för lägre hastigheter i trafiken. 
Seminariepromemoria datert 31.10.2000. Väg- och transportforskningsinstitutet, Linköping.  
 
Andersson, G. (2000). Sänkta hastighetsgränser vintern 1999-2000. VTI notat 58-2000. Väg- och 
transportforskningsinstitutet, Linköping.  
 Safety Cube | Speed management & enforcement |Reduction of speed limit| WP5 
 
 
Andersson, G. (2003). Automatisk hastighetsövervakning. Kort sammenfattning av 
försöksverksamheten. ATK-seminarium i Köpenhamn, 12. november 2003. Väg- och 
transportforskningsinstitutet, Linköping.  
 
Angenendt, W. (1991). Sicherheitsverbesserungen in Geschäftsstrassen mit Durchgangsverkehr. 
Forschungsberichte der Bundesanstalt für Strassenwesen, 244. Bundeanstalt für 
Strassenwesen, Bergisch-Gladbach. 
 
Baguley, C. (1982). Evaluation of safety of speed control humps. In: Proceedings (246-250) of 
Seminar on Short-Term and Area-Wide Evaluation of Safety Measures, Amsterdam, April 
19-21, 1982. Published by SWOV Institute for Road Safety Research on behalf of OECD, 
Amsterdam.  
 
Baier, R. (1992). Flankierende Massnahmen zur Einrichtung von Tempo 30-Zonen. 
Strassenverkehrstechnik, Heft 1, 31-36. 
 
Baier, R. et al. (1992). Forschungsvorhaben Flächenhafte Verkehrsberuhigung. Folgerungen für die 
Praxis. Bundesministerium für Raumordnung, Bauwesen und Städtebau, 
Bundesministerium für Verkehr, Bundesministerium für Umwelt, Naturschutz und 
Reaktorsicherheit, Bundesministerium für Landeskunde und Raumordnung, Bundesanstalt 
für Strassenwesen, Umwelt-bundesamt, Bonn. 
 
Bobevski, I., Hosking, S., Oxley, P., & Cameron, M. (2007). Generalised linear modelling of crashes 
and injury severity in the context of the speed-related initiatives in Victoria during 2000-
2002 (No. 268). 
 
Borges, P., S. Hansen and K. Meulengracht-Madsen. (1985). Trafiksanering af STORE bygader - 
nogle eksempler. Vejdirektoratet, Sekretariatet for Sikkerhedsfremmende 
Vejforanstaltninger (SSV), Næstved. 
 
Brackett, R. Q. and G. P. Beecher (1980) Longitudinal Evaluation of Speed Control Strategies. Final 
Report - Volume 1 - Executive Summary. Volume II. Detailed Description. TSS 80-06-02-D-1-
AA. College Station, Human Factors Division, Texas Transportation Institute/Texas A&M 
University, Texas. 
 
Brodersen, F., N. O. Jørgensen and H. V. Lund (1975). Erfaringer med hastighedsbegrænsninger 
1974/75. RfT-notat 118. Rådet for Trafiksikker-hedsforskning, København, 
 
Brodin, A. and L. Ringhagen. (1975). Effekt på olyckor och hastigheter av hastighetsgränsen 30 km/h 
i bostadsområden. Rapport 78. Statens väg- och trafikinstitut (VTI), Linköping.   
 
Brown, D. B., S. Maghsoodloo and M. E.McArdle, M. E. (1990). The Safety Impact of the 65 mph 
Speed Limit: A Case Study Using Alabama Accident Records. Journal of Safety Research, 21, 
125-139. 
 
Burns, A., N. Johnstone and N. Macdonald (2001). 20mph speed reduction initiative. Development 
department research programme findings no 104. Scottish Executive, Edinburgh.  
 
Burritt, B. E. (1976). Analysis of the Relation of Accidents and the 88-km/h (55-mph) Speed Limit on 
Arizona Highways. Transportation Research Record, 609, 34-35. 
 
 Safety Cube | Speed management & enforcement |Reduction of speed limit| WP5 
 
Buss, E. (1999). Using hard shoulders on autobahns as additional traffic lanes. Proceedings of the 
conference Traffic Safety on two Continents, Malmö, Sweden, September 20-22, 1999. 
Swedish National Road and Transport Research Institute, Linköping. 
 
Byington (1976). Safety aspects of the national 55 MPH speed limit. Public Roads, 41, 58-67. 
 
Christensen, J. (1981). The effects of general speed limits on driving speeds and accidents in 
Denmark. Lyngby, Danish Council of Road Safety Research, 1981 (paper presented at the 
International Symposium on «Traffic Effects of Speed Limits on Traffic Accidents and 
Transportation Energy Use», Oct. 6-8, Dublin, Ireland.Koshi, M. and S. Kashima. (1981). 
Effects of speed limit alterations on road safety. IATSS 107 Project Team, IATSS research 5, 
6-15. 
 
Cunningham, C. M., Hummer, J. E., & Moon, J. P. (2005). An evaluation of the safety effects of speed 
enforcement cameras in Charlotte, NC. the Institute. 
 
D’Elia, A., Newstead, S., & Cameron, M. (2007). Overall impact during 2001-2004 of Victorian speed-
related package. Prevention, 17(1), 47-56. 
 
Daltrey, R. A. and D. Healy. (1980). Change in Victorian accident frequency with the introduction of 
the 100 km/h absolute speed limit in 1974. ARRB Proceedings Volume 10, Part 4, 158-170. 
 
Dart, O. K. (1977). Effects of the 88.5-km/h (55-mph) speed limit and its enforcement on traffic 
speeds and accidents. Transportation research record, 643, 23-32. 
 
Dietrich, K. et al. (1988). Auswirkungen von Tempo 80/120 auf die Verkehrssicherheit. 
Schweizerische Beratungsstelle für Unfallverhütung bfu/Eidgenössische Technische 
Hochschule (ETH) Zürich, Zürich. 
 
Ekström B., L-B. Kritz and L. Strömgren. (1966). Försök med förstärkt trafikövervakning på 
europavägarna 3 och 18 sommaren 1965. Statens Trafiksäkerhetsråd, Stockholm.  
 
Engel, U. and L. Krogsgård Thomsen (1987). Ny hastighedsgrænse sparer liv. Dansk Vejtidsskrift, 6, 
142-145. 
 
Engel, U. and L. Krogsgård Thomsen. (1990). Effekter af Færdselslovens § 40. RfT-rapport 29. Rådet 
for Trafiksikkerhedsforskning, København. 
 
Engel, U. and T. Andersen. (1994). Sikring af børns skoleveje i Odense kommune. Dansk 
Vejtidsskrift, 4, 11-13. 
 
Eriksson, A. and L. Agustsson (1999). Hastighedsplanlægning i Mørkhøjkvarteret. Rapport 182. 
Vejdirektoratet, København. 
 
European Transport Safety Council (ETSC) (1996). Low cost road and traffic engineering measures 
for casualty reduction. European Transport Safety Council, Brussels. 
 
Ewing, R. (1999). Traffic Calming State of the Practice Slide Seminar. Institute of Transportation 
Engineers. Federal Highway Administration September. 
 
Farmer, C. M., R. A. Retting and A. K. Lund (1999). Changes in motor vehicle occupant fatalities after 
repeal of the national maximum speed limit. Accident Analysis and Prevention, 31, 537-543. 
 Safety Cube | Speed management & enforcement |Reduction of speed limit| WP5 
 
 
Freiholtz, B. (1991). Sveriges första miljöprioriterade genomfart. Åstorp. Publikation 1991:28. 
Vägverket, Borlänge. 
 
Frith, W. J. and J. B. Toomath. (1982). The New Zealand open road speed limit. Accident Analysis 
and Prevention, 14, 209-218. 
 
Gains, A., Nordstrom, M., Heydecker, B. G., & Shrewsbury, J. (2005). The national safety camera 
programme: Four-year evaluation report. 
 
Gallaher, M. M., M. Sewell, S. Flint, J. L. Herndon, H. Graff, J. Fenner and H. F. Hull (1989). Effects of 
the 65-mph speed limit on rural interstate fatalities in New Mexico. Journal of the American 
Medical Association, 262, 2243-2245. 
 
Giæver, T. and S. Meland. (1990). Før-/etterundersøkelse av fysiske fartsdempende tiltak. Rapport 
STF63 A90004. SINTEF Samferdselsteknikk, Trondheim. 
 
Godwin, S. R. (1992). Effect of the 65 mph speed limit on highway safety in the USA (with comments 
and reply to comments). Transport Reviews, 12, 1-14. 
 
Goldenbeld, C., F. D. Bijleveld, S. de Craen and N. M. Bos (2003). Effectiviteit van snelheidstoezicht 
en bijbehorende publiciteit in Fryslan. R-2003-27. SWOV Institute for Road Safety Research, 
Leidschendam. 
 
Grendstad. G. et al. (2003). Fra veg til gate. Erfaringer fra 16 miljøgater. Statens vegvesen, 
Vegdirektoratet, Oslo.  
 
Griborn, B. (1996). Smalare körfält och mittrefug minskar hastigheten. Trafiksäkerheten ökar för 
oskyddade trafikanter. TR 10-B 96:7454. Gatubolaget, Göteborg. 
 
Hall, P., R. Hearne and J. O’Flynn (1970). The 60mph General Speed Limit in Ireland. An Foras 
Forbartha, The National Institute for Physical Planning and Construction Research, Dublin.  
 
Herrstedt, L. et al. (1993). An improved Traffic Environment. A Catalogue of Ideas. Report 106. Road 
Data Laboratory, Road Standards Division, Herlev. 
 
Jernigan, J. D. and C. W. Lynn (1991). Impact of 65-mph Speed Limit on Virginia’s Rural Interstate 
Highways Through 1989. Transportation Research Record, 1318, 14-21. 
 
Jönrup, H. and Å. Svensson (1971). Effekten av hastighetsbegränsningar utanför tätbebyggelse. 
Meddelande 10. Statens Trafiksäkerhetsråd, Stockholm.  
 
Jørgensen, N. O. et al. (1985). Fartsgrenser - i trafikksikkerhetens tjeneste? NVF-rapport 1985:6.  
Nordisk Vegteknisk Forbund, Utvalg 52, Trafikksikkerhet, Oslo. 
 
Keall, M. D., L. J. Povey and W. J. Frith (2001). The relative effectiveness of a hidden versus a visible 
speed camera programme. Accident Analysis and Prevention, 33, 277-284. 
 
Kloeden, C., Woolley, J., & McLean, A. J. (2007, October). A follow-up evaluation of the 50km/h 
default urban speed limit in South Australia. In Australasian Road Safety Research, 
Education and Policing Conference, Melbourne: Vicroads. 
 Safety Cube | Speed management & enforcement |Reduction of speed limit| WP5 
 
Kockelman, K., Bottom, J., Kweon, Y. J., Ma, J., & Wang, X. (2006). Safety impacts and other 
implications of raised speed limits on high-speed roads (No. 303). Transportation Research 
Board. 
 
Kronberg, H. and Nilsson, G. (2000). Automatisk hastighetsövervakning. VTI meddelande 906. Väg- 
och Transportforskningsinstitutet, Linköping.  
 
Lamm, R., B. Psarianos and T. Mailaender (1999). Highway design and traffic safety engineering 
handbook. McGraw Hill, New York.  
 
Lindenmann, H. P. (2005). The effects on road safety of 30 kilometer-per-hour zone signposting in 
residential districts. Institute of Transportation Engineers. ITE Journal, 75(6), 50. 
 
Liu, G. X. and A. Popoff (1997). Provincial-wide travel speed and traffic safety study in 
Saskatchewan. Transportation Research Record, 1595, 8-13. 
 
McCartt A. T and D. H. Rood. (1989). Evaluation of the New York State Police 55 MPH Speed 
Enforcement Project. (Final Report DOT HS 807 618). US Departement of Transportation - 
National Highway Traffic safety Administration, Washington DC. 
 
Mountain, L. J., Hirst, W. M., & Maher, M. J. (2004). Costing lives or saving lives: a detailed 
evaluation of the impact of speed cameras. Traffic, Engineering and Control, 45(8), 280-287. 
 
Mountain, L. J., Hirst, W. M., & Maher, M. J. (2005). Are speed enforcement cameras more effective 
than other speed management measures?: The impact of speed management schemes on 
30mph roads. Accident Analysis & Prevention, 37(4), 742-754. 
 
Munden J. M. (1966). An experiment in enforcing the 30 mile/h speed limit. RRL Report LR 24. Road 
Research Laboratory, Harmondsworth. 
 
Myrup, L. and L. Agustsson (2003). Automatisk trafikkontrol. Forsøg i Storkøbenhavn og på Fyn. 
Uheldsevaluering. Rapport 270. Vejdirektoratet, København.  
 
Nilsson, G. (1976). Sammanställning av försök med differentierade hastighetsgränser åren 1968-
1972. VTI-rapport 88. Statens väg- och trafikinstitut (VTI), Linköping. 
 
Nilsson, G. (1980). Sänkning av högsta tillåten hastighet från 110 till 90 km/h under sommaren 1979. 
Effekt på personskadeolyckor. VTI-meddelande 197. Statens väg- och trafikinstitut, 
Linköping. 
 
Nilsson, G. (1990). Sänkning av hastighetsgränsen 110 km/h til 90 km/h sommaren 1989. Effekter på 
personskadeolyckor, trafikskadade och hastigheter. VTI rapport nr 358. Väg- och 
Trafikinstitutet, Linköping. 
 
Nilsson, G. (1992). Försök med automatisk hastighetsövervakning 1990-1992. VTI-rapport 378. 
Statens väg- och trafikinstitut (VTI), Linköping. 
 
Nilsson, G. (2004B). Trafiksäkerhetsåtgärder och regelefterlevnad. VTI meddelande 951. Väg- och 
Transportforskningsinstitutet, Linköping.   
 
Oei, H-L. and P. H. Polak (1992). Effect van automatische waarschuwing en toezicht op snelheid en 
ongevallen. R-92-23. SWOV Institute for Road Safety Research, Leidschendam. 
 Safety Cube | Speed management & enforcement |Reduction of speed limit| WP5 
 
 
Ossiander, E. M. and P. Cummings (2002). Freeway speed limits and traffic fatalities in Washington 
State. Accident Analysis and Prevention, 34, 13-18. 
 
Parker,  M. R. (1997). Effects of raising and lowering speed limits on selected roadway sections. 
FHWA-RD-92-084. US Department of Transportation, Federal Highway Administration, 
Washington DC. 
 
Peltola, H. (2000). Seasonally changing speed limits. Effects on speeds and accidents. 
Transportation Research Record, 1734, 46-51.  
 
Pez, P. (2002). Weniger Unfälle durch Öffentlichkeitsarbeit und Verkehrsüberwachung. Zeitschrift 
für Verkehrssicherheit, 48, 58-64.  
 
Pigman, J. C., K. R. Agent, J. A. Deacon and R. J. Kryscio (1989). Evaluation of unmanned radar 
installations. Transportation Research Record, 1244, 7-16. 
 
Povey, L. J., Frith, W. J., & Keall, M. D. (2003). An investigation of the relationship between speed 
enforcement, vehicle speeds and injury crashes in New Zealand. Land Transport Safety 
Authority. New Zealand. 
 
Ragnøy A. (2004). Endring av fartsgrenser. Effekt på kjørefart og ulykker. TØI rapport 729. 
Transportøkonomisk institutt, Oslo. 
 
Reiff, L. K., Foldager, I., Hels, T., Hemdorff, S. R., & Lund, H. V. (2008). 130 km/t på motorvejene: 
Virkning på faktiske hastigheder, uheld og miljøbelastning. 
 
Richter, E. D., P. Barach, L. Friedman, S. Krikler and A. Israeli (2004). Raised speed limits, speed 
spillover, case-fatality rates, and road deaths in Israel: a 5-year follow-up. American Journal 
of Public Health, 94, 568-574 
 
Rijkswaterstaat dienst verkeerskunde. (1989). Evaluatie snelheidslimieten. 1 jaar na invoering van 
nieuw limietenstelsel op autosnelwegen. Ministerie van verkeer en waterstaat, Rotterdam. 
 
Rock, S. M. (1995). Impact of the 65 mph speed limit on accidents, deaths, and injuries in Illinois. 
Accident Analysis and Prevention, 27, 207-214. 
 
Roop, S. S. and R. Q. Brackett. (1980). Evaluation of Project Increased Traffic Law Enforcement. 
(Final report (80)05-09-C1-AA) College Station, Texas A&M University, Texas. 
 
Roszbach, B. (1990). Safety on motorways. Third European Workshop on Recent Developments in 
Road Safety Research April 26-27, 1990. VTI rapport nr 366A. Väg- ochTrafikinstitutet, 
Linköping 
 
Rutley, K. S. (1972). Advisory speed signs for bends. TRRL Report LR 461. Transport and Road 
Research Laboratory, Crowthorne, Berkshire.  
 
Sakshaug, K. (1986). Fartsgrenseundersøkelsen 1985. Detaljerte resultater fra fartsdelen og 
ulykkesdelen. Notat 535/86 og 536/86. SINTEF Samferdselsteknikk, Trondheim. 
 
Salusjärvi M. and T. Mäkinen.(1988). Experiment med hastighetsövervakning i Vanda. (ISBN 87-
88453-07 3).Nordisk Kommitté för Transportforskning. 
 Safety Cube | Speed management & enforcement |Reduction of speed limit| WP5 
 
 
Salusjärvi, M. (1981). The speed limit experiments on Public Roads in Finland. Publications 7/1981. 
The Technical Research Centre of Finland, Espoo. 
 
Salusjärvi, M. (1982). Hvordan fartsgrenseendringene har innvirket på fart og ulykker. 
Oppdragsrapport 74 .SINTEF avd.63 Samferdselsteknikk, Trondheim. 
 
Sammer, G. (1994). General 30 kph speed limit in the city. The results of a model project in the city 
of Graz. Proceedings of the third international conference on safety and the environment in 
the 21st century, November 7-10, Tel-Aviv, Israel. 
 
Schnüll, R., W. Haller and H. von Lübke. (1992). Sicherheitsanliegen bei der umgestaltung von 
knotenpunkten in Städten. Forschungsbericht 253. Bundesanstalt für Strassenwesen (BASt), 
Bergisch Gladbach. 
 
Scott, P. P. and A. J. Barton (1976). The effects on road accident rates of the fuel shortage of 
November 1973 and consequent legislation. TRRL Supplementary Report 236. Transport and 
Road Research Laboratory, Crowthorne, Berkshire.Kemper, W. J. and S. R.  
 
Shin, K., Washington, S. P., & Van Schalkwyk, I. (2009). Evaluation of the Scottsdale Loop 101 
automated speed enforcement demonstration program. Accident Analysis & Prevention, 
41(3), 393-403. 
 
Sidhu, C. S. (1990). Preliminary Assessment of the Increased Speed Limit on Rural Interstate 
Highways in Illinois. Transportation Research Record, 1281, 78-83. 
 
Sliogeris, J. (1992). 110 Kilometre Per Hour Speed Limit - Evaluation of Road Safety Effects. Report 
No: GR 92 – 8. VIC ROADS, Road and Environment Safety, Road Safety Division, Carlton. 
 
Smith, R. N. (1990). Accidents before and after the 65 MPH speed limit in California. California 
Department of Transportation Business, Transportation and Housing Agency/Division of 
Traffic Operations, Sacramento. 
 
Stølan, A. (1988). Erfaringer med trafikksaneringer og sammenhengende gang- og sykkelveger. 
Utgitt av Samferdselsdepartementet, Miljøverndepartementet, Kommunal- og 
arbeidsdepartementet og Vegdirektoratet. Asplan Samferdsel, Oslo. 
 
Stuster, J. (2004). Aggressive driving enforcement: evaluation of two demonstration programs. 
Report DOT HS 809 707. National Highway Traffic Safety Administration, Washington DC  
Taylor, M. C., A. Baruya and J. V. Kennedy (2002). The relationship between speed and accidents on 
rural single-carriageway roads. TRL report TRL511. Transport Research Laboratory, 
Crowthorne, Berkshire.  
 
Ullman, G. L. and C. L. Dudek (1987). Effects of reduced speed limits in rapidly developing urban 
fringe areas. Transportation Research Record, 1114, 45-53. 
 
Upchurch, J. (1989). Arizona’s Experience with the 65-mph Speed Limit. Transportation Research 
Record, 1244, 1-6. 
 
US Department of Transportation, National Highway Traffic Safety Administration. (1989). The 
Effect of the 65 mph Speed Limit during 1987. A Report to Congress. US Department of 
Transportation, National Highway Traffic Safety Administration, Washington DC. 
 Safety Cube | Speed management & enforcement |Reduction of speed limit| WP5 
 
 
Várhelyi, A., M. Hjälmdahl, C. Hydén and M. Draskóczy (2004). Effects of an active accelerator pedal 
on driver behaviour and traffic safety after long-term use in urban areas. Accident Analysis 
and Prevention, 36, 729-737. 
 
Vernon, D. D., L. J. Cook, K. J. Peterson and J. M. Dean (2004). Effect of repeal of the national 
maximum speed limit law on occurrence of crashes, injury crashes, and fatal crashes on Utah 
highways. Accident Analysis and Prevention, 36, 223-229.  
 
Wahlgren, O. (1972). Effect of temporary speed limits on road accidents. Traffic Engineering and 
Control, 13, 384-387. 
 
Webster, D. C. and A. M. Mackie. (1996). Review of traffic calming schemes in 20 mph zones. TRL 
Report 215. Crowthorne, Berkshire, Transport Research Laboratory 
 
Webster, D. C., & Layfield, R. E. (2003). Review of 20 mph zones in London Boroughs. TRL Limited. 
 
Wheeler, A. and M. Taylor (1999). Traffic calming in villages on major roads: Final report. TRL report 
385. Transport Research Laboratory, Crowthorne, Berkshire.  
 
Wheeler, A. and M. Taylor. (1995). Reducing speeds in villages: the VISP study. Traffic Engineering 
and Control, 36, 213-219. 
 
Wretling, P. (2000). Effekt på antalet skadade och dödade personer av sänkt hastighetsgräns i 
Region Norr vintrarna 94/95 – 99/00. VTI notat 74-2000. Väg- och 
transportforskningsinstitutet, Linköping.  
 
 
 
 
 
 
 
 
 
 
 
  
SafetyCube │ Synopsis on Speed management & enforcement – Dynamic speed limits │ WP5 1  
Synopsis 6: Dynamic Speed Limits 
 
 
Daniels, S., Focant, N., June 2017 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Please refer to this document as: 
Daniels, S., Focant, N. (2017). Dynamic Speed Limits. Road Safety Decision Support System, developed by the 
H2020 project SafetyCube. 
SafetyCube │ Synopsis on Speed management & enforcement – Dynamic speed limits │ WP5 2  
1 Summary 
1.1 COLOUR CODE 
Light green: Although the number of empirical results is limited, the available literature shows that 
dynamic speed limits (DSLs) have favourable effects on driving speeds and on the number of crashes. 
 
1.2 KEY WORDS 
Dynamic speed limit, DSL, variable speed limit, VSL, weather, speed, speed management, 
evaluation, effectiveness, crash, variable message sign, VMS. 
 
1.3 ABSTRACT 
Dynamic speed limits (DSL) are limits that change according to real-time traffic, road or weather 
conditions. In DSL-schemes road users are typically informed of speed limit changes by electronic 
signs that are housed within gantries situated above lanes. Dynamic speed limit systems are 
increasingly applied worldwide, usually on motorways. One of the objectives of dynamic speed limits 
is to improve traffic safety through reductions in mean speeds and in speed variations within and 
across lanes and between upstream and downstream flows (i.e. traffic flow in direction to and away 
from a site). 
The number of studies on the safety effects of DSLs that have been published in peer-reviewed 
journals is limited. Moreover they are sometimes difficult to compare with each other as multiple 
research designs were used and not all studies evaluated DSLs that operate in comparable conditions. 
The reviewed studies report favourable road safety effects. The only available before and after study 
reports a significant reduction of 18% of injury crashes due to the presence of a DSL system. The 
observed reduction is mainly attributable to a reduction of rear-end crashes. Some other studies 
evaluated the effects of DSL on driving speeds and reported decreases of mean speeds as well as 
reductions of speed variances.  
Apart from affecting traffic safety, DSLs could also have effects on traffic flows, congestion and travel 
times, and furthermore also on vehicle emissions and road noise. Nevertheless, no conclusive effects 
on any of these outcomes were found in previous implementations and experiments.  
One cost-benefit analysis showed a benefits-to-costs ratio of approximately 0.7 for a DSL system, 
which means that the costs might exceed the benefits.  
Little is actually known about possible conditions that could influence the effects of DSLs. It is likely 
that the impacts of DSL are sensitive to the level of driver compliance. As the level of driver 
compliance tends to vary across jurisdictions, results of DSL schemes are not necessarily transferable 
from one jurisdiction to another.  
 
1.4 BACKGROUND 
 
What are Dynamic Speed Limits? 
On the majority of roads, fixed speed limits are set to represent the appropriate speed for average 
conditions. However, in order to take account of real time traffic, road and weather conditions, 
dynamic speed limits (DSLs) can be applied (European Commission, 2017). DSL systems are 
activated at a given time, as a consequence of traffic volume or other environmental conditions 
(Islam et al., 2013; OECD, 2006).  
Variable speed limits are often used as a synonym for DSLs. However, according to the OECD (2006) 
the term ‘variable speed limits’ refers to systems that are activated through general criteria (e.g. 
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time of the day, season and certain weather conditions), which are usually set by generic legislation. 
In some countries the speed limit is reduced in case of rain, or speed limits nearby school zones are 
reduced at school start or end times. The focus of the present document is on DSLs, which are 
applied as a consequence of the real time situation. 
 
How can Dynamic Speed Limits affect road safety?  
Through DSL systems, speed limits can be adapted remotely, either automatically by an algorithm 
or manually by an operator. This makes it possible to show different speed limits at different times of 
the day and different days of the week (van Nes et al., 2010). DSLs are introduced to harmonise 
traffic flows which is often assumed to improve both throughput and traffic safety. The traffic safety 
improvement is targeted through reductions in speed variations within and across lanes and 
between upstream and downstream flows (Lee et al., 2004; Islam et al., 2013; Habtemichael & de 
Picado Santos; 2013). 
The reduction of speed limits through electronic signs does not only serve the purpose of reducing 
driving speeds, but aims also at warning drivers of the presence of an incident downstream and 
therefore to raise attention. 
  
Which other effects do Dynamic Speed Limits have?  
Throughput improvement is expected due to the speed harmonisation benefits (Fudala & Fontaine, 
2010). DSLs are sometimes also used in order to reduce vehicle emissions and road noise 
(Papageorgiou et al., 2008). Lu & Shladover (2014) reviewed evidence from field studies that 
assessed effects on traffic flow in the UK, Germany, the Netherlands, France and the United States. 
The effects reported on traffic operations were mixed. Some authors reported a reduction of travel 
times (Chang et al., 2011; Hoogendoorn et al., 2013). Some studies found an improvement in 
throughput (Chang et al., 2011; Kwon et al., 2007), but others did not (DeGaspari et al., 2013). 
Papageorgiou et al. (2008) reported that effects on traffic flow are highly dependent on the 
saturation level of traffic with improved traffic flow at overcritical occupancies (dense traffic), but 
deteriorated traffic flow efficiency (lower average speeds) at undercritical traffic conditions. 
Hoogendoorn et al. (2013) evaluated effects of DSLs on emissions and noise. They reported a slight 
deterioration for both aspects. 
 
How have the effects of Dynamic Speed Limits on road safety been studied?  
The number of evaluation studies on the safety effects of DSL systems is limited. Five studies were 
eventually coded of which three studies contained empirically obtained estimates of effects on 
crashes. Two of these three studies (Rämä, 1999; Saha et al., 2015) dealt with weather-dependent 
DSL systems whereas De Pauw et al. (forthcoming) evaluated a DSL system that is mainly driven by 
data on speed and occupancy of the lanes and by processing information from incident detection 
cameras. Given the scarcity of empirical research results, this document discusses the results of 
different DSL systems together, regardless of whether they are controlled by weather, traffic 
volume or incident-related parameters. Each of the coded studies was published in a peer-reviewed 
journal. Other studies analysed the effects of DSLs through simulation models and driving simulator 
studies. No meta-analyses have been made so far. 
 
1.5 OVERVIEW OF RESULTS  
 
Results of effect estimates 
Al Ghamdi (2007) assessed the effectiveness of a fog detection and warning system on driver 
behaviour and found that mean speeds throughout the experimental sections reduced by about 6.5 
km/h. Nevertheless the warning system was ineffective in reducing speed variability.  
De Pauw et al. (forthcoming) did a before-after analysis on the effects of a dynamic speed limit 
system on the number of crashes. The results showed a significant (-18%) decrease in the number of 
injury crashes after the introduction of the system. A distinction according to crash type showed an 
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almost significant decrease of 20% in the number of rear-end crashes whereas the number of single-
vehicle crashes decreased by 15% (ns). No effect was found for side crashes. 
Lee et al. (2006) used a microscopic traffic simulation model to simulate changes in traffic conditions 
as an effect of variable speed limits. The study results indicated that variable speed limits could 
reduce crash potential by 5 to 17%, by temporarily reducing speed limits during risky traffic conditions 
when crash potential exceeded the pre-specified threshold. 
Rämä (1999) investigated the effects of weather-controlled dynamic speed limits. The results showed 
that in winter the change of the sign-posted speed limit from 100 km/h to 80 km/h decreased the 
mean speed of cars traveling in free-flow traffic by 3.4 km/h, in addition to the average mean speed 
reduction of 6.3 km/h caused by adverse weather and road surface conditions. When poor road 
conditions were difficult to detect (e.g., there was no rain or snowfall or the rain was insignificant), the 
effect was 1.9 km/h higher (i.e., the reduction was 5.3 km/h). In addition to the effects on mean speed, 
lowering of the speed limit decreased the speed variance. There was no clear effect on headways. The 
signs also decreased speeds on the road section next to the DSL equipped section. 
Saha et al. (2015) examined the interaction between roadway geometric characteristics and adverse 
weather conditions and their impact on crash occurrence on rural variable speed limit freeway 
corridors through mountainous terrain in Wyoming, USA. From the model results, the VSL system 
was found to be significant in reducing crashes. The authors used winter data to fit their model.  
 
Biases and transferability 
The eventual traffic safety effects of DSL systems are likely to be dependent on the level of driver 
compliance (Habtemichael & de Picado Santos, 2013). As driver compliance is known to vary across 
jurisdictions, this means that variations of effects of DSL between jurisdictions are also possible. 
Moreover, the reviewed studies originate from different countries, but they also represent different 
conditions in which DSL systems are applied. Some studies apply to DSL systems in which speed 
limits vary according to weather conditions (fog, snow, ice…) (Al Ghamdi, 2006; Rämä, 1999; Saha, 
2015) whereas other studies deal with DSL systems in which speed limits change according to 
changing traffic volume conditions (Lee et al., 2006; De Pauw et al., forthcoming). The specificity of 
the investigated schemes might affect the found results and therefore might render generalisation of 
the results less reliable. 
It is likely that the impacts of DSL, in terms of safety and travel time, are quite sensitive to the level of 
driver compliance (Khondaker, B., & Kattan, 2015). As the level of driver compliance tends to vary 
across jurisdictions, results of DSL schemes are not necessarily transferable from one jurisdiction to 
another.    
 
Cost-benefit analysis 
In addition to the analysis of the effects, De Pauw et al. (forthcoming) also did a cost-benefit analysis. 
The cost-benefit analyses of the crash effects showed a benefits-to-costs ratio of approximately 0.7, 
which means that the costs tend to exceed the benefits. They concluded that no convincing evidence 
exists that the costs of the system currently outweigh the expected benefits in terms of crash 
prevention.  
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2 Scientific details 
2.1 ANALYSIS OF STUDY DESIGNS AND METHODS 
 
De Pauw et al. (forthcoming) discussed the results of simulations and field tests that were set up to 
assess the effects of DSLs. 
 
Simulation models 
Many authors developed simulation models to assess the effects of DSLs. Islam et al. (2013) studied 
the effects on mobility. In the best case scenario, DSL control with a 5-min speed limit update 
frequency and a 10-km/h maximum speed difference between two successive time steps, they 
reported a 33% reduction of total travel time. Fudala & Fontaine (2010) did this for work zones 
specifically. They found potential of DSLs to delay the onset of congestion and to help produce more 
rapid recovery from congestion when demand volumes are not too far above the zone capacity. 
When demand volumes are high, they found no benefit over static speed limits. The simulation also 
showed the importance of appropriate DSL sign location and effective algorithm design. 
Habtemichael and de Picado Santos (2013) analysed the operational benefits of DSLs under different 
traffic conditions. They studied the combination of different compliance rates and congestion levels 
and found that the operational benefits depended on these two factors. The system had the highest 
operational benefits during lightly congested traffic conditions, little benefit during uncongested 
conditions, and no benefit during heavily congested conditions.  
 
Field studies 
The effect of DSL systems was also analysed through empirical studies. Lu & Shladover (2014) 
reviewed evidence from field studies that assessed effects on traffic flow and traffic safety in the UK, 
Germany, the Netherlands, France and the United States. The effects reported on traffic operations 
were mixed. Some authors reported a reduction of travel times (Chang et al., 2011; Hoogendoorn et 
al., 2013). Some studies reported an improvement in throughput (Chang et al., 2011; Kwon et al., 
2007), but others did not (DeGaspari et al., 2013). Papageorgiou et al. (2008) reported that effects on 
traffic flow are highly dependent on the saturation level of traffic with improved traffic flow at 
overcritical occupancies (dense traffic), but deteriorated traffic flow efficiency (lower average speeds) 
at undercritical traffic conditions. Multiple studies reported favourable effects on road safety for the 
implemented VSL strategies, but interestingly, none of the field studies that assessed effects on 
traffic safety has been published in peer reviewed journals and their methodological rigour is hard to 
assess (De Pauw et al., forthcoming). The road safety literature (Hauer, 1997; Elvik, 2002) has 
extensively reported that accident studies that do not take into account confounding factors such as 
trends and regression-to-the-mean tend to bias - usually to overstate - effects.  
Based on the reviewed evidence, Lu & Shladover (2014) concluded that DSLs can significantly 
improve freeway traffic safety if the compliance rate is high enough, whereas the impact on traffic 
throughput is still controversial. The latter is explained by inherent difficulties in the observation of 
traffic flow status, by the large variations in driver behaviour and by the relative immaturity of DSL 
systems that often use algorithms that are unlikely to improve traffic flow.  
Hoogendoorn et al. (2013) evaluated effects of DSLs on emissions and noise. They reported a slight 
deterioration for both aspects. 
 
Table 1 provides a synoptic description of the background characteristics of the coded studies on 
dynamic speed limits. 
The number of studies on the effects of DSLs that have been published in peer-reviewed journals is 
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limited. Moreover, multiple research designs were used and not all studies evaluate DSLs in similar 
conditions. Only one before-after study that assessed the number of crashes has been published (De 
Pauw et al., forthcoming). One other study (Saha et al., 2016) assessed the effect on the number of 
crashes by means of a cross-sectional risk model (a Safety Performance Function). The other studies 
assess the safety effect indirectly by measuring the effects on the distribution of speeds (Al Ghamdi, 
2006; Rämä, 1999) or they use simulation techniques (Lee et al., 2006).  
 
Table 1: Information on sample and design of coded studies (sorted by name of first author) 
 
Author(s), 
year, country 
Measure description and 
sample 
Study design Outcome indicators 
Al-Ghamdi, A.S., 
2007. Saudi Arabia 
Fog detection and warning system 
at 2 study sites 
Before-and-after study with 
comparison group 
• Mean speed 
De Pauw et al., 
2017. Belgium 
Dynamic speed limits at 5 
motorway segments (59.5 km) 
Empirical Bayes before-
and-after study with 
comparison group 
• Number of injury 
crashes 
• Number of rear-end 
crashes 
• Number of frontal and 
side crashes 
• Number  of single-
vehicle crashes 
• Number of crashes with 
killed or severely injured 
Lee et al., 2006. 
Canada 
Dynamic speed limits on a 
freeway section 
Simulation 
• Average total crash 
potential 
Rämä, P., 1999. 
Finland 
Weather-controlled dynamic 
speed limits on one test site.  
Cross-sectional 
• Mean speed 
• Speed variation 
Saha, P. et al., 
2015. Wyoming, 
USA 
Weather-controlled dynamic 
speed limits on 4 segments of 
the I-80 corridor (152 mi) 
Cross-sectional 
• Percentage accident 
reduction 
 
 
2.2 STUDY RESULTS 
 
Al Ghamdi (2007) assessed the effectiveness of a fog detection and warning system on driver 
behaviour regarding speeds and headways. This warning system includes visibility sensors that 
automatically activate a variable message sign that signals an advisory speed when the presence of 
fog is detected. The system was installed on a 2 km section of a two-lane, rural highway. A data set of 
36,013 observations from both experimental and control sections at two study sites was collected and 
analysed. The data included vehicle speed, volume, and classification; time headway, time of day, 
and visibility distance. Mean speeds throughout the experimental sections reduced by about 6.5 
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km/h. Nevertheless the warning system was ineffective in reducing speed variability.  
De Pauw et al. (forthcoming) did an empirical evaluation of the effects of a dynamic speed limit 
system on motorways on traffic safety in Flanders, Belgium. The evaluation was done by means of a 
before-after analysis of crashes, completed with a cost-benefit analysis.  Their results show that the 
number of injury crashes decreased significantly (-18%) after the introduction of the system. A 
separate analysis for serious and fatal injury crashes revealed a non-significant decrease of 6%. A 
distinction according to crash type showed an almost significant decrease of 20% in the number of 
rear-end crashes whereas the number of single-vehicle crashes decreased by 15% (ns). However, no 
effect was found for side crashes. 
Lee et al. (2006) examined automated control strategies of dynamic speed limits. They developed a 
real-time crash prediction model to estimate crash potential based on short-term variation of traffic 
flow characteristics. They also used a microscopic traffic simulation model to simulate changes in 
traffic conditions as an effect of variable speed limits and combined this with the crash prediction 
model for the evaluation of control logics. Within this integrated evaluation framework, the study 
investigated the effect of strategy control factors on the crash potential reduction and total travel 
time. The study results indicated that variable speed limits could reduce crash potential by 5–17%, by 
temporarily reducing speed limits during risky traffic conditions when crash potential exceeded the 
pre-specified threshold. 
Rämä (1999) investigated the effects of weather-controlled dynamic speed limits and signs for 
slippery road conditions on driver behaviour on a motorway in Finland. Local weather and road 
conditions were monitored from two unmanned road weather stations. The speed limits were 
lowered automatically during adverse road conditions, and in some cases signs for slippery road 
conditions were displayed as well. Speed and headway data were obtained from loop detectors. The 
results showed that in winter the change of the sign-posted speed limit from 100 km/h to 80 km/h 
decreased the mean speed of cars traveling in free-flow traffic by 3.4 km/h, in addition to the average 
mean speed reduction of 6.3 km/h caused by adverse weather and road surface conditions. When 
poor road conditions were difficult to detect (e.g., there was no rain or snowfall or the rain was 
insignificant), the effect was 1.9 km/h higher (i.e., the reduction was 5.3 km/h). When road conditions 
were such that signs for slippery road conditions were also displayed, the variable speed limit system 
reduced the mean speed by 1.8 km/h, whereas the reduction caused by the weather was 9.3 km/h. In 
addition to the effects on mean speed, lowering of the speed limit decreased the speed variance. 
There was no clear effect on headways. The signs also decreased speeds on the road section next to 
the DSL equipped section. 
Saha et al. (2015) examined the interaction between roadway geometric characteristics and adverse 
weather conditions and their impact on crash occurrence on rural variable speed limit freeway 
corridors through mountainous terrain in Wyoming, USA. The authors developed a negative binomial 
model with a 7-day crash frequency as the response variable and weather, traffic, and geometric 
variables as the explanatory variables. From the model results, the VSL system was found to be 
significant in reducing crashes. The authors used winter data to fit their model.  
In addition to the analysis of the effects, De Pauw et al. (forthcoming) also did a cost-benefit analysis. 
The cost-benefit analyses of the crash effects showed a benefits-to-costs ratio of approximately 0.7, 
which means that the costs tend to exceed the benefits. They concluded that no convincing evidence 
exists that the costs of the system currently outweigh the expected benefits in terms of crash 
prevention. However, DSL systems might bring about more favourable effects than what was 
included in the cost-benefit analysis. Next to crash effects, this measure could also have effects on 
traffic flows, congestion and travel times, and furthermore also on vehicle emissions and road noise. 
Nevertheless, no conclusive effects on any of these outcomes were found in previous 
implementations and experiments (Lu & Shladover, 2014). 
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2.3 DESCRIPTION OF ANALYSIS  
 
Review-type analysis 
Five key studies establishing the effects of DSLs have been identified, coded, analysed and 
summarised. Two studies directly assessed the effect on the number of crashes, of which one was a 
before-after study (De Pauw et al., forthcoming) and one was a cross-sectional study (Saha et al., 
2015). One study simulated effects on crashes (Lee et al., 2006). Two studies assessed effects on 
speed behaviour and speed variability (Al-Ghamdi, 2007; Rämä, 1999). Given the small number of 
studies and the heterogeneity of applied research methods, a review-type analysis was conducted for 
the main effect of each of the coded studies. The reader is referred to Table 7 in the supporting 
document for more detailed information.   
 
Conclusion 
It appears that four out of five reviewed studies report favourable road safety effects. The fifth study, 
Lee et al. (2006), reported a ‘potential’ for crash reduction.  
The number of studies is small, but the results appear to point in the same direction. This leads to a 
still limited though consistent overall picture which justifies a light green colour code. However, it 
must be clear that caution has to be addressed as this conclusion is presently only based on limited 
evidence. In particular little is known about possible conditions that could influence the effects of 
DSLs.  
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3 Supporting document 
 
 
 
 
This Supporting Document on dynamic speed limits (DSL) describes the literature search strategy 
(Section 3.1) and it presents references to the literature (Section 0). 
 
Taxonomy 
Measure Specific measure 
Speed management and 
enforcement 
Dynamic speed limits 
Weather-variant dynamic speed limits 
 
 
3.1 LITERATURE SEARCH STRATEGY 
 
 
A literature search for studies that assessed effects of DSL was carried out in three databases 
(ScienceDirect, TRID, Scopus) with combinations of search terms and operators. These studies were 
subsequently assessed and checked for their relevance. Tables 2, 3 and 4 below describe the search terms, 
the logical operators and the number of hits for the searches in the different databases.  
 
 
 
 
Research terms and hits 
Database: ScienceDirect Date: 03rd February 2017 
 
Limitations/ Exclusions: 
• Search field: TITLE-ABS-KEY 
• Published: 1990 to current 
• Document Type: ALL 
 
 
Table 2: Search terms and hits in ScienceDirect 
search 
no. 
search terms / operators / combined queries hits 
#1 TITLE-ABSTR-KEY("dynamic speed*" or "variable speed limit*") and TITLE-ABSTR-
KEY((effectiveness or "road safety" or "efficiency" or "impact" or "effect")) 
69 
#2 TITLE-ABSTR-KEY(weather and "variable speed*") and TITLE-ABSTR-KEY(((effectiveness 
or "road safety" or "efficiency" or "impact" or "effect"))). 
9 
#3 TITLE-ABSTR-KEY(weather and "dynamic speed*") and TITLE-ABSTR-KEY(effectiveness 
or "road safety" or "efficiency" or "impact" or "effect"). 
2 
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Database: TRID   Date: 06th February 2017 
 
Limitations/ Exclusions: 
• Published: 1990 to 2017 
• Document source : ALL, Document Type: ALL, Subject area : ALL 
• Language: English and French 
 
Table 3: Search terms and hits in TRID 
search 
no. 
search terms / operators / combined queries hits 
#1 
[Title]  ("dynamic speed*" OR "variable speed limit*")  AND (effectiveness OR "road safety" 
OR efficiency OR impact OR effect OR evaluation) 
53 
#2 
[Title]  ((weather AND "dynamic speed*") OR (weather AND "variable speed*") OR 
(weather and "message sign*"))  AND (effectiveness OR "road safety" OR efficiency OR 
impact OR effect OR evaluation) 
6 
 
 
Database: Scopus  Date: 06th February 2017 
 
Limitations/ Exclusions: 
• Search field: Abstract, title, keywords 
• Published: 1990 to current 
• Document Type: ALL 
• Subject Area: ALL 
 
Table 4: Search terms and hits in Scopus 
search 
no. 
search terms / operators / combined queries hits 
#1 
( TITLE ( ( "dynamic speed*"  OR  "variable speed limit*" ) )  AND  TITLE ( ( effectiveness  
OR  "road safety"  OR  efficiency  OR  impact  OR  effect  OR  evaluation ) ) )  AND  
PUBYEAR  >  1989 
59 
#2 
( TITLE ( ( ( weather  AND  "dynamic speed*" )  OR  ( weather  AND  "variable speed*" )  OR  
( weather  AND  "message sign*" ) ) )  AND  TITLE ( ( effectiveness  OR  "road safety"  OR  
efficiency  OR  impact  OR  effect  OR  evaluation ) ) )  AND  PUBYEAR  >  1989   
3 
 
 
Principles  
 
Papers and reports were excluded if they didn’t study DSLs, but just mentioned them rather indirectly 
or studied them from a perspective that was not meaningful for the purpose of the project. This was 
the case if they dealt mainly or completely with:  
- Non-speed messages (warnings, information…) such as messages in work zones, messages 
related to railroads, congestion warning, warnings for animals, parking guidance 
- In-vehicle messages 
- Results on visibility/readability/legibility/viewing comfort/ text layout/display format  
- Environmental effect/impact + impact on traffic flow 
- Ex-ante evaluation / Evaluation of the impact/effectiveness through (micro-macro) modeling / 
model simulation / simulation-based evaluation; modeling of traffic flow under variable speed 
limit system 
- Development of Variable Speed Limits control strategies for improving traffic efficiency; Search 
for the optimal VSL system/ Traffic Flow Control system; Impact on traffic performance; 
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- Papers talking about traffic flow management and control systems (Intelligent Transportation 
Systems (ITS)) including several control measures (such as ramp metering, reversible lanes, 
high occupancy vehicle lanes, driver information, route guidance, etc.) and not focusing on 
variable speed limits.  
 
 
Interesting papers from the literature search  
Applying the abovementioned principles to the preselected papers resulted in 42 promising 
references for Dynamic Speed Limits (DSL). Full paper versions of 32 of these references could be 
traced as shown in Table 5 below (papers indicated with ‘V’). Subsequently the abstracts were 
checked and it was judged by the coders whether they were considered relevant or not for the 
purpose of the present synopsis. 17 abstracts were considered relevant.  
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Table 5: Preselection of studies based on title and abstract 
Authors Title Year Country 
Availabl
e? (V= 
YES, X= 
No) 
Scientific journal? Relevant?  
Kuhn B., Balke K., 
Brydia R., Theiss L., 
Tsapakis I., Ruback L., 
Le M. 
Evaluation of Variable Speed Limit 
Pilot Projects for Texas Department of 
Transportation 
2016 USA V 
Yes - Transportation 
Research Procedia 
Yes • Impact on  congestion  
• users’ perceptions 
• safety impacts  
• violations 
• costs and benefits 
Plana, Soriguera, Hegyi 
Effects of Dynamic Speed Limits on a 
Dutch Freeway 
2016 
Netherlan
ds 
V 
Yes - Transportation 
Research Record: Journal 
of the Transportation 
Research Board 
No Effects on traffic flows 
De Pauw, Daniels, 
Franckx, Mayeres 
Safety effects of dynamic speed limits 
on motorways 
2017 Belgium V 
Yes – Accident Analysis 
and Prevention 
Yes • Safety effect (crashes) 
• Cost-benefit analysis 
Soriguera, Sala 
Freeway Lab: Testing Dynamic Speed 
Limits 
2014 Spain V 
Yes - Procedia - Social and 
Behavioral Sciences 
No, but  
 
“ a preliminary analysis 
empirically proves that 
drivers’ compliancewith 
dynamic speed limits is 
very limited, unless 
speed enforcement 
devices are present.” 
The objective of the experiment was to 
construct a comprehensive database of traffic 
engineering variables on a freeway site when 
different speed limits apply. Detailed 
measurements of vehicle counts, speeds, 
occupancies, lanechanging manoeuvres and 
travel times were taken. 
Garcia-Castro A., 
Monzon A. 
Homogenization effects of variable 
speed limits 
2014 Spain V 
Yes - Transport and 
Telecommunication 
No, but 
 
Propose an useful 
classification of the 
different type of VSL 
• review of some experiences, how their 
effects are evaluated and their results 
• presents a key indicator which measures 
the speed homogeneity 
• relation between this indicator and road 
performance and emissions values 
Torné, Ramoneda, 
Soriguera 
Empirical Evidences of Dynamic Speed 
Limit Impact on a Metropolitan 
Freeway 
2014 Spain V 
Yes - Procedia - Social and 
Behavioral Sciences 
No • assessing the DSL drivers’ compliance 
• detecting the causes which motivate 
drivers’ behavior 
• effect on traffic performance 
Geistefeldt J. 
Impact of Variable Speed Limits on 
Motorway Level of Service 
2013 Germany V 
Yes - International Journal 
of Intelligent 
Transportation Systems 
Research 
No Focused on impact on capacity/traffic 
performance 
Weikl S., Bogenberger 
K., Bertini R. 
Traffic management effects of variable 
speed limit system on a German 
autobahn 
2013 Germany V 
Yes - Transportation 
Research Record: Journal 
of the Transportation 
Research Board 
No Traffic flow effects 
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Authors Title Year Country 
Availabl
e? (V= 
YES, X= 
No) 
Scientific journal? Relevant?  
Duan H., Liu P., Wan J., 
Li Z. 
Evaluating the impacts of variable 
speed limits on freeway traffic 
operations and safety: A case study in 
Hangzhou, China 
2012 China V 
No - 12th COTA 
International Conference 
of Transportation 
Professionals, 2012 
Yes impacts of a VSL system on traffic operations 
and the safety 
Average speed, compliance rate,  
Sevefelt B., Wessel P. 
Variable speed limits in unprotected 
intersections implementation and 
evaluation of 12 sites in Sweden 
2012 Sweden V 
No - 19th ITS World 
Congress, 2012 
Yes  
Weikl S., Bogenberger 
K., Bertini R.L. 
Empirical Assessment of Traffic 
Management Effects of a Variable 
Speed Limit System on a German 
Autobahn: Before and After 
2012 Germany V 
Yes - Transportation 
Research Record: Journal 
of the Transportation 
Research Board 
No Impacts of a variable speed limit (VSL) system 
and driver information system on traffic flow 
characteristics. 
Geistefeldt J. 
Capacity effects of variable speed 
limits on German freeways 
2011 Germany V 
Yes - Procedia Social and 
Behavioral Sciences 
No Impact on freeway capacity, traffic volumes, 
etc. 
Lall K., Bham G.H. 
Systematic evaluation of a variable 
speed limit system in St. Louis Missouri 
2011 USA V 
No - First Congress of 
Transportation and 
Development Institute 
(TDI) 
No Impact on traffic flow parameters (speed, 
volume, occupancy, travel time, and 
congestion). 
Layton E.C., Young R.K. 
Effects on speeds of a rural variable 
speed limit system 
2011  X 
   
Lucyshyn, Andy; 
Morrow, Rick; Russo, 
Christopher. 
I-4 Variable Speed Limit Effectiveness 
Study.  
2011  X 
   
Arezoumandi, M. 
Estimation of Travel Time Reliability 
for Freeways Using Mean and 
Standard Deviation of Travel Time 
2011 USA V 
Yes - Journal of 
Transportation Systems 
Engineering and 
Information Technology 
No Effects of the VSL system on travel time 
distribution and travel time reliability. 
Nissan A., 
Koutsopoulosb H.N. 
Evaluation of the impact of advisory 
variable speed limits on motorway 
capacity and level of service 
2011 Sweden V 
Yes - Procedia Social and 
Behavioral Sciences 
No Impact of advisory VSL on traffic performance 
Bham et al. 
Evaluation of Variable Speed Limits on 
I‐270/I‐255  
2010 USA 
Only 
appendi
ces 
found 
No - Missouri Department 
of Transportation 
Research Report 
No VSL system and its potential impacts and 
benefits to the transportation users : mobility, 
safety, and public and police perceptions 
van Nes, Brandenburg, 
Twisk 
Improving homogeneity by dynamic 
speed limit systems 
2010 
Netherlan
ds 
V 
Yes - Accident Analysis and 
Prevention 
No Investigates if the introduction of dynamic 
speed limit systems will contribute to an 
increase in homogeneity of driving speed and 
to what extent this can be explained by an 
increase in credibility of speed limits. 
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Authors Title Year Country 
Availabl
e? (V= 
YES, X= 
No) 
Scientific journal? Relevant?  
NISSAN, A. 
Evaluation of variable speed limits: 
empirical evidence and simulation 
analysis of Stockholm's motorway 
control system 
2010 Sweden V 
No - Doctoral Dissertation No design parameters and conditions under which 
VSL are most effective. 
Impact on traffic performance 
Studer L., Cecchetto 
M., Marchionni G., 
Ponti M. 
Evaluation of dynamic speed control 
on the Venice-Mestre beltway 
2009 Italy V 
No - 16th World Congress 
on Intelligent Transport 
Systems and Services, ITS 
2009 
No impact on mobility and of the effectiveness of 
the system. The analysis will follow the 
indication of the Evaluation 
Expert Group Guidelines 
Papageorgiou M., 
Kosmatopoulos E., 
Papamichail I. 
Effects of variable speed limits on 
motorway traffic flow 
2008 ? (Europe) V 
Yes - Transportation 
Research Record: Journal 
of the Transportation 
Research Board 
No impact on aggregate traffic flow behavior 
Towliat, Svensson, 
Lind 
Safety effects of variable speed limits 
at rural intersections 
2007  X 
   
Chris Lee, Bruce 
Hellinga, Frank 
Saccomanno 
+ 
Lee, C., Hellinga, B. & 
F. Saccomanno. 
Evaluation of variable speed limits to 
improve traffic safety 
+ 
Assessing safety benefits of variable 
speed limits 
2006 
+ 
2007 
USA V 
Yes - Transportation 
Research Part C 
+ 
Yes - Transportation 
research record: journal of 
the transportation 
research board 
Yes examines automated control strategies of 
variable speed limits that aim at reducing crash 
potential on instrumented freeways. 
crash potential based on short-term variation 
of traffic flow characteristics 
Lind G., Towliat M., 
Svensson H. 
Effects of variable speed limits at 
intersections 
2006  X 
   
Towliat, Svensson 
Safety effects of variable speed limits 
at intersections 
2006  X 
   
Chambers 
Benefits of Advanced Traffic 
Management Solutions: Before and 
After Crash Analysis for Deployment of 
a Variable Advisory Speed Limit 
System 
2016 USA V 
No - Thesis Yes  - Impact on crashes Not sure (no detail on significance) 
Downey et al. 
Evaluation of a Traffic and Weather 
Responsive Variable Advisory Speed 
System in Portland, Oregon 
+ 
Evaluating the Effects of a Congestion 
and Weather Responsive Advisory 
Variable Speed Limit System in 
Portland, Oregon 
2015 USA V 
No -Transportation 
Research Board 94th 
Annual Meeting 
(monograph) 
 
No - Dissertation and 
Thesis 
Yes – Impact on speeds, 
flows, travel times and 
crashes 
Not sure (no detail on significance) 
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Authors Title Year Country 
Availabl
e? (V= 
YES, X= 
No) 
Scientific journal? Relevant?  
Li Z., Li Y., Liu P., Wang 
W., Xu C.,  
Development of a variable speed limit 
strategy to reduce secondary collision 
risks during inclement weathers 
2014 China V 
 Yes - Accident Analysis 
and Prevention 
Yes/No - Two surrogate 
safety measures, based 
on the time-to-collision 
notion, are used to 
evaluate the control 
effects of VSL. 
 
Ewan, Levi Austin 
Weather responsive variable speed 
limit systems 
2013 USA V 
No -Thesis No  
Saha and Young 
Weather-Based Safety Analysis for the 
Effectiveness of Rural VSL Corridors 
2013 USA V 
No - Transportation 
Research Board 93rd 
Annual Meeting 
(monograph) 
Yes  - Impact on crashes  
Al-Kaisy, A.; Ewan, L.; 
Veneziano, D.  
Evaluation of a Variable Speed Limit 
System for Wet and Extreme Weather 
Conditions: Phase 1 Report.   
2012 USA V 
No - Oregon Department 
of Transportation 
Research Section and 
Federal Highway 
Administration, research 
report 
No -  Sensor use  
Al-Ghamdi A.S. 
Experimental evaluation of fog 
warning system 
2007 
Saudi 
Arabia 
V 
Yes - Accident Analysis and 
Prevention 
Yes - assess the 
effectiveness of fog 
detection and warning 
system on driver 
behavior regarding 
speed 
and headway 
 
Lind 
Weather and traffic controlled variable 
speed limits in Sweden 
+ Road weather controlled variable 
speed limits, Sweden 
+ Variable speed limits: Evaluation of 
the road weather controlled section 
2007 Sweden V 
No Yes - Impact on speed  
Kolisetty V., Iryo T., 
Asakura Y., Kuroda K. 
+ 
Kolisetty et al 
 
Effect of variable message signs on 
driver speed behavior on a section of 
expressway under adverse fog 
conditions - A driving simulator 
approach  
+ 
Effect of variable message signs on 
driver speed behaviour under fog 
conditions 
2006 
+ 
? 
Japan 
V 
Yes - Journal of Advanced 
Transportation 
+ 
No 
Yes - Impact on speed  
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Authors Title Year Country 
Availabl
e? (V= 
YES, X= 
No) 
Scientific journal? Relevant?  
Rämä P. 
Effects of weather-controlled variable 
speed limits and warning signs on 
driver behavior 
1999 Finland V 
Yes - Transportation 
Research Record 
Yes - Impact on driver 
behaviour (speed, 
headway) 
Yes 
 
Hautala et  Nygård 
EFFECTS OF WEATHER-CONTROLLED 
VARIABLE MESSAGE SIGNING IN 
FINLAND – CASE HIGHWAY 1 (E18) 
? Finland V 
No Yes - Impact on driver 
behaviour (speed, 
headway) 
Not sure 
Crean, A.  
Innovative weather-activated variable 
speed sign trial: a first for road safety 
in New Zealand. 
2016 
New-
Zealand 
X 
(extend
ed 
abstract 
only) 
   
Piao, J. & McDonald, 
Safety Impacts of Variable Speed 
Limits – A Simulation Study 
2008 UK V 
Yes - 11th International 
IEEE Conference on 
Intelligent Transportation 
Systems, (ITSC) 
Yes to assess the safety impacts : Speed differences 
between and within lanes,  Time headways, 
Frequency of lane changes 
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Coding 
 
 
The remaining 17 studies were checked, based on the full paper version. All checked studies are presented in Table 6. The table includes authors, title, year and 
source of the study. Studies highlighted in green were coded. The last column mentions the reason for exclusion of the not coded studies. 
 
Table 6: Selection of studies to be coded 
Authors Title Year Source Status Reason of exclusion 
Kuhn B., Balke K., Brydia R., 
Theiss L., Tsapakis I., Ruback L., 
Le M. 
Evaluation of Variable Speed Limit Pilot Projects 
for Texas Department of Transportation 
2016 Transportation Research Procedia Not coded No statistical details 
De Pauw, Daniels, Franckx, 
Mayeres 
Safety effects of dynamic speed limits on 
motorways 
2017 Accident Analysis and Prevention Coded  
Duan H., Liu P., Wan J., Li Z. Evaluating the impacts of variable speed limits on 
freeway traffic operations and safety: A case 
study in Hangzhou, China 
2012 International Conference of 
Transportation Professionals, 2012 
Not coded Preference for journal papers 
Chris Lee, Bruce Hellinga, Frank 
Saccomanno 
+ 
Lee, C., Hellinga, B. & F. 
Saccomanno. 
Evaluation of variable speed limits to improve 
traffic safety 
+ 
Assessing safety benefits of variable speed limits 
2006 
+ 
2007 
Transportation Research Part C 
 
TRR 
Coded 2006: coded 
2007: not coded, similar to 2006 study 
Piao, J. & McDonald, Safety Impacts of Variable Speed Limits – A 
Simulation Study 
2008 11th International IEEE 
Conference on Intelligent 
Transportation Systems, (ITSC) 
Not coded Simulation, weaker ecological validity.  
Chambers Benefits of Advanced Traffic Management 
Solutions: Before and After Crash Analysis for 
Deployment of a Variable Advisory Speed Limit 
System 
2016 MSc thesis  Not coded  Not published, no effects reported, graphs 
do not match tables. 
 
Downey et al. Evaluation of a Traffic and Weather Responsive 
Variable Advisory Speed System in Portland, 
Oregon 
+ 
Evaluating the Effects of a Congestion and 
Weather Responsive Advisory Variable Speed 
Limit System in Portland, Oregon 
2015 Transportation Research Board 
94th Annual Meeting presentation 
 
Dissertation and Thesis 
Not coded Comparable to Chambers, but uses older 
data 
Li Z., Li Y., Liu P., Wang W., Xu 
C.,  
Development of a variable speed limit strategy to 
reduce secondary collision risks during inclement 
weathers 
2014 Accident Analysis and Prevention Not coded Focus is not on evaluation but on 
development of control strategy 
Saha P., Ahmed M.,  Young R. Weather-Based Safety Analysis for the 
Effectiveness of Rural VSL Corridors 
2015 Transportation Research Record coded  
Al-Ghamdi A.S. Experimental evaluation of fog warning system 2007 Accident Analysis and Prevention Coded  
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Authors Title Year Source Status Reason of exclusion 
Lind Weather and traffic controlled variable speed 
limits in Sweden 
+ Road weather controlled variable speed limits, 
Sweden 
+ Variable speed limits: Evaluation of the road 
weather controlled section 
Lind Research report Not coded Preference for journal papers. 
No direct observations of effect on crashes 
Kolisetty V., Iryo T., Asakura Y., 
Kuroda K. 
+ 
Kolisetty et al 
Effect of variable message signs on driver speed 
behavior on a section of expressway under 
adverse fog conditions - A driving simulator 
approach  
+ 
Effect of variable message signs on driver speed 
behaviour under fog conditions 
2006 
+ 
? 
Journal of Advanced 
Transportation 
Not coded Simulator study 
Rämä P. Effects of weather-controlled variable speed 
limits and warning signs on driver behavior 
1999 Transportation Research Record coded  
Hautala et Nygård EFFECTS OF WEATHER-CONTROLLED 
VARIABLE MESSAGE SIGNING IN FINLAND – 
CASE HIGHWAY 1 (E18) 
? Report Not coded Same motorway as Rämä 
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3.2 DETAILS OF ANALYSIS RESULTS 
 
 
Table 7 provides information on the main outcomes of coded studies on DSLs.  
 
 
Table 7: Summary of coded study results for dynamic speed display signs (DSLs) (sorted by surname of first author) 
 
Author(s), year, 
country 
Exposure 
variable 
Dependant / 
outcome type 
Effects on road safety Main outcome – 
description 
Al-Ghamdi, A.S., 
2007. Saudi 
Arabia 
Presence of an 
advisory speed 
limit in case of fog 
• Mean speed 
↗ 
Average speed 
decrease of 6.5 
km/h 
Mean speed 
throughout the 
experimental 
sections was 
reduced by about 
6.5 km/h, but the 
warning system 
was ineffective in 
reducing speed 
variability.  
De Pauw et al., 
2017. Belgium 
Presence of a DSL 
system 
• Number of injury 
crashes 
• Number of rear-
end crashes 
• Number of 
frontal and side 
crashes 
• Number  of 
single-vehicle 
crashes 
• Number of 
crashes with 
killed or severely 
injured 
↗ 
-18% injury 
crashes (95% CI [-
30%; -4%]) 
The investigated 
DSLs have had a 
favourable effect 
on the number of 
injury crashes, 
with a significant 
decrease of 18%. 
Mainly the 
number of rear-
end crashes (-
20%) decreased, 
albeit just nearly 
significantly. The 
number of single-
vehicle crashes 
showed a 
tendency to 
decrease, but this 
effect was not 
significant. No 
effect was found 
on the number of 
side crashes. 
- 
-20% (ns) rear-
end crashes (95% 
CI [ -36%; +1%]) 
- 
-0% (ns) of frontal 
or side crashes 
(95% CI [-36%; 
+56%] ) 
- 
-15% (ns) of single 
vehicle crashes 
(95% CI [-36%; 
+13%]) 
- 
-6% (ns) severe 
crashes (95% CI[-
32%; +29%]) 
Lee et al., 2006. 
Canada 
Presence of a DSL 
system 
• Average total 
crash potential 
- 
-5% to -17% crash 
potential  
The study 
demonstrated 
that real-time 
variable speed 
limits can reduce 
the overall crash 
potential by 5–
17%.  
Rämä, P., 1999. 
Finland 
Presence of a 
weather-
controlled DSL 
system 
• Mean speed 
• Speed variation 
↗ 
Mean speed -3.4 
km/h (p<0.01) 
(winter+adverse 
weather) 
The main results 
indicated that the 
weather-
controlled system 
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Author(s), year, 
country 
Exposure 
variable 
Dependant / 
outcome type 
Effects on road safety Main outcome – 
description 
↗ 
Mean speed -5.3 
km/h (p<0.01) 
(winter+adverse 
weather+no 
precipitation) 
decreased both 
the mean speed 
and the standard 
deviation of 
speeds. The study 
controlled for the 
effects of the 
weather 
conditions by 
using a control 
location. On the 
control highway 
section (no VMS 
system) the mean 
speed was also 
decreased during 
adverse weather 
and road 
conditions, but 
less, and the 
variance of 
speeds increased.  
In order to 
examine this 
effect, the data 
were divided into 
two parts 
according to the 
rain intensity. The 
results showed 
that when there 
was no 
considerable rain, 
the mean speed 
decreased more 
(1.9 km/ h) than it 
did on average. 
The system 
proved to be 
more effective 
when the adverse 
weather and road 
conditions were 
not easy to 
detect. 
↗ 
Mean speed  
-1.8 km (p<0.01) 
(winter+snow/ice) 
↗ 
Standard 
deviation: 
-3.4 km/h 
Saha, P. et al., 
2015. Wyoming, 
USA 
Presence of a 
weather-
controlled DSL 
system 
• Percentage 
accident 
reduction 
 
↗ 
Estimated 24.4% 
percentage crash 
reduction 
(p<0.01).  
The authors 
developed a 
negative binomial 
model with a 7-
day crash 
frequency as the 
response variable 
and weather, 
traffic, and 
geometric 
variables as the 
explanatory 
variables. From 
the model results, 
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Author(s), year, 
country 
Exposure 
variable 
Dependant / 
outcome type 
Effects on road safety Main outcome – 
description 
the VSL system 
was found to be 
significant in 
reducing crashes.  
* Effects on road safety are coded as: positive (↗), negative (↘), non-significant (-) or no test for significance reported (∕) 
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1 Summary 
1.1 COLOUR CODE 
Green: Results consistently show that dynamic speed display signs (DSDSs) have favourable effects 
on speeds. One study also shows a decrease of the number of crashes after installing DSDSs. 
. 
 
1.2 KEY WORDS 
Dynamic speed display sign, DSDS, speed, speed management, evaluation, effectiveness, speed- 
activated displays, speed limit compliance, individual dynamic speed warning. 
 
1.3 ABSTRACT 
Dynamic speed display signs (DSDSs) measure the speed of approaching vehicles and communicate 
the vehicle’s actual speed to drivers on a digital display along the road, possibly also including 
pictures or verbal messages such as “Slow down” or “Thank you”. The underlying idea is that DSDSs 
help motorists self-enforce their speed. DSDSs shouldn’t be confused with dynamic speed limit signs 
(DSL) which can impose different speed limits depending on traffic or weather circumstances. The 
essence of DSDSs is the individual feedback on driven speeds. 
The number of studies on the effects of DSDSs published in peer-reviewed journals is limited. Most 
evaluations have been done by means of before-and-after studies, focusing rather on the resulting 
speed behaviour than on the (indirect) effect on crashes. No meta-analyses were found. 
All reviewed studies consistently report significant decreases of mean speeds due to the presence of 
active DSDSs, although the size of the effect differs. The observed mean speed decrease ranges from 
1km/h to 10 km/h. The observed decreases of the 85th percentile speed are of the same magnitude. 
The results of all the studies appear to be relatively homogenous which suggests that the measure is 
reasonably well transferable to other similar settings, including those in other countries. 
All studies also evaluated the proportion of drivers who exceeded the speed limits by some amount 
and reported considerable reductions in the highest exceedances of the speed limits. Some studies 
concluded that drivers become less responsive towards the DSDS over time, but the most detailed 
study did not find significant evolutions in mean speeds at the DSDS locations during the period of 
use. All studies agreed that the speed reductions observed while the DSDSs were in place 
disappeared after the devices were removed from the study sites. It was also found that drivers 
increase their speed again after passing the DSDS. DSDSs that extend the numeric feedback with 
verbal messages tend to outperform the ones with only numeric feedback.  
One study calculated the effect on the number of crashes and found a significant overall reduction of 
5%. 
 
1.4 BACKGROUND 
 
What are Dynamic Speed Display Signs? 
Dynamic speed display signs (DSDSs) measure the speed of approaching vehicles and communicate 
the speed to drivers on a digital display along the road. The underlying idea is that DSDSs help 
motorists self-enforce their speed (Cruzado & Donnell, 2009). DSDSs differ from dynamic speed 
limit signs (DSL) (also called: variable speed limit (VSL) signs) which can impose different speed 
limits depending on time, location and/or circumstances (e.g., severe weather conditions, or work 
zones) (Ardeshiri, 2014). The features of DSDSs range from standard signs that display the actual 
^ 
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speed of the car to signs that (also) include verbal messages such as ‘‘Slow down’’ or “Thank you” 
depending on the monitored speed level. Signs with additional features such as smileys, different 
colours or additional pictures have also been used (Gehlert et al., 2012). 
 
How can Dynamic Speed Display Signs affect road safety?  
Gehlert et al. (2012) describe three psychological mechanisms that apply to all kinds of DSDSs: 
attracting attention, providing feedback and introducing social control. In addition, the way the 
feedback about the speeding behaviour is presented (numbers, text messages, pictures…) might 
exert different effects on drivers. 
 
How have the effects of Dynamic Speed Display Signs on road safety been studied?  
The number of studies on the effects of DSDSs published in peer-reviewed journals is limited. 
Moreover, not all studies evaluate DSDSs in similar conditions. All coded studies assess the effects on 
speed behaviour in terms of effects on mean speeds, effects on the 85th speed percentile and effects 
on the proportion of drivers exceeding the s i g n - posted speed limit to a certain extent. One 
study also evaluates the effect on crashes. Most evaluations have been done by means of before-
and-after studies. No meta-analyses were found. 
 
1.5 OVERVIEW OF RESULTS  
 
Results of effect estimates 
All reviewed studies consistently reported significant decreases of mean speeds due to the presence 
of active DSDSs, although the size of the effect differs. The observed decreases of the 85th percentile 
speed are of a similar magnitude. All studies also evaluated the proportion of drivers who exceeded 
the speed limits by some amount and reported considerable but varying reductions. The speed 
reductions observed while the DSDSs were in place disappeared after the devices were removed 
from the study sites (Cruzado & Donnell, 2009; Gehlert et al., 2012). Two studies (Ardeshiri & 
Jeihani, 2014; Gehlert et al., 2012) report a systematic decrease of effects over time even when 
the DSDSs remain active. However, a more elaborate study (Hallmark et al., 2015) found no 
significant evolution of mean speeds over the duration of operation of DSDSs. Ulmann & Rose 
(2005) found that motorists traveling faster than the sign-posted speed limit appeared to reduce their 
speed more strongly in response to the DSDS than motorists traveling at or below the sign-posted 
speed limit. Drivers with average speeds below the sign-posted speed upstream of the DSDS were 
even found to increase their speeds at the DSDS (Ardeshiri & Jeihani, 2014). In their cross-sectional 
study Ardeshiri & Jeihani (2014) found that drivers increase their speed again after passing the 
DSDS. 
DSDSs that add to the numeric feedback additional coloured and/or verbal messages that include 
some recommended action (e.g. ‘SLOW DOWN’) appear to result in stronger speed reductions than 
DSDSs with only numeric feedback (Gehlert et al., 2012). 
Hallmark et al. (2015) calculated the effect on crashes by means of a before-and-after study. They 
found an overall reduction in the number of crashes of 5% (CMF 0.95) with a 95% CI [0.93-0.97]. Single 
vehicle crashes were studied separately and had decreased by 5 % (CMF 0.95) with a 95% CI [0.93- 
0.97]. 
 
Biases  
All studies had at least minor limitations. Sample sizes in terms of studied locations were limited in 
most cases, varying from 1 (Gehlert et al., 2012) to 22 (Hallmark et al., 2015). Moreover the included 
road types represent a lot of potentially systematically different underlying conditions that could 
a l l  influence speed behaviour somehow and therefore act as a confounding variable, i.e. offer a 
threat to the external validity of the findings. Examples of these conditions include variables related to 
the road design, to traffic conditions and to the environment including weather conditions and 
seasonal variation. 
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Transferability 
Most included studies originate from the US; one is a European study from Germany (Gehlert et al., 
2012). All studies evaluate DSDSs that are located at specific locations such as curves, school zones, 
or transition zones. The results of all the studies appear to be relatively homogenous which suggests 
that the measure is reasonably well transferable to other similar settings, including those in other 
countries. 
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2 Scientific overview 
2.1 THEORETICAL BACKGROUND  
 
Gehlert et al. (2012) describe three psychological mechanisms that apply to all kinds of DSDSs: 
- the dynamic presentation with movements or changing stimuli attracts attention and is 
therefore perceived by drivers - as compared to conventional signs - more often, more quickly 
and more consciously. 
- the dynamic presentation allows for an individual as well as immediate feedback about car 
drivers´ speed. It is well known that people take more notice of individualised feedback and 
feedback that follows immediately and contingent after the behaviour. The more general the 
feedback is and the more time passes the less likely people will link the feedback to their own 
behaviour. 
- the feedback to car drivers is displayed openly and thus visible for other road users as well. 
That introduces some degree of social control which has been found to support the 
effectiveness of speed display signs. 
 
In addition, the way  the  feedback  about  the  speeding  behaviour  is  presented  (numbers,  text 
messages, pictures…) might impact differently on the motivation of drivers to choose a speed level. 
2.2 ANALYSIS OF STUDY DESIGNS AND METHODS 
 
Description of the main research methods 
Table 1 provides a synoptic description of the background characteristics of the coded studies that 
deal with dynamic speed display signs (DSDSs). 
The number of studies on the effects of DSDSs published in peer-reviewed journals is limited. 
Moreover, not all studies evaluate DSDSs in similar conditions. All studies that evaluated DSDSs dealt 
with specific locations such as curves (Hallmark et al., 2015), transition speed zones (Cruzado & 
Donnell, 2009) or mixed areas (curves, transition zones, school zones and approaches to signalised 
intersections) on high-speed roadways (Ullman & Rose, 2005). 
All coded studies assess the effects on speed behaviour in terms of effects on mean speeds. Some of 
the found studies extend this to effects on the 85th speed percentile and effects on the proportion of 
drivers exceeding the sign-posted speed limit to a certain extent. One study (Hallmark et al., 2015) 
also evaluates the effect on crashes. 
Most evaluations have been done by means of before-and-after studies. One study applied a cross- 
sectional design, comparing locations with and without DSDSs (Ardeshiri & Jeihani, 2014). All studies 
established control groups or used a methodological framework to eliminate confounders such as 
trend effects. Four out of five included studies applied and reported significance tests. No meta- 
analyses were found. 
While most studies evaluated rather short-term effects of DSDSs, Hallmark et al. (2015) collected data 
from 1 month until 24 months after installation. Two studies also evaluated the effect of removing 
the DSDSs again. 
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Table 1: Information on sample and design of coded studies (sorted by name of first author) 
 
Author(s), 
year, country 
Measure description and 
sample 
Study design Outcome indicators 
Ardeshiri A., Jeihani 
M., 2014, USA 
Effects of DSDSs at 3 locations Cross-sectional comparison 
of locations upstream and 
downstream the DSDSs. 
t-tests + Bayesian network 
modelling. 
• Mean speed 
Cruzado I., Donnell 
E.T., 2009, USA 
Effects of DSDSs at 12 locations Before- after comparison of 
free-flow vehicle operating 
speeds 
• Mean speed 
Gehlert T., Schulze 
C., Schlag B., 2012, 
Germany 
Effects of 3 different types of 
DSDSs at 1 location 
Time series design • Mean speed 
•  V85 
• Percentage of vehicles 
exceeding the speed 
limit 
Hallmark, S.L; 
Hawkins, N. Smadi, 
O., 2015, USA 
Effectiveness of two different 
DSDSs on curves at 22 locations 
on rural two-lane roadways in 
seven US states. 
Before-after with 
comparison group 
• Number of crashes 
• Mean speed 
•  V85 
• Percentage of vehicles 
exceeding posted or 
advisory speed limit 
Ullman, G.L.; Rose, 
E.R., 2005, USA 
Analysis of the effectiveness of 
dynamic speed display signs 
(DSDSs) installed in several 
permanent locations 
Before-after with 
comparison group 
• Mean speed 
•  V85 
• Percentage of vehicles 
exceeding the speed 
limit 
 
2.3 STUDY RESULTS 
Studies on DSDSs  
Table 2 provides information on the main outcomes of coded studies on DSDSs. All reviewed 
studies consistently reported decreases of mean speeds due to the presence of active DSDSs, 
although the size of the effect differs. The observed mean speed decrease ranges from 1km/h to 10 
km/h. The observed decreases of the 85th percentile speed are of the same magnitude. 
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All studies also evaluated the proportion of drivers who exceeded the speed limits by some amount 
and reported considerable but varying reductions. 
 
Do effects remain when the DSDS is no longer active? 
The results of the analyses indicate that the DSDSs are effective in reducing free-flow passenger car 
operating speeds while in place and activated. However, the speed reductions observed while the 
DSDSs were in place disappeared within a few weeks after the devices were removed from the 
study sites (Cruzado & Donnell, 2009; Gehlert et al., 2012). 
 
Effects over time 
Ardeshiri & Jeihani (2014) report a systematic decrease of effects when the DSDSs are longer in use 
(ranging from 1 to 12 days). Also Gehlert et al. (2012) found slight increases of speeds (about 0.5 km/h 
monthly) from 1 to 3 months after installation and concluded that drivers become less responsive 
towards the DSDS over time. However, Hallmark et al. (2015) studied a much larger sample of 
locations (22) over a longer period (respectively 1, 12 and 24 months after) and found no statistical 
difference between changes in mean speeds at the DSDSs for any of the time periods. This suggests 
that DSDS may have a long-term impact on speed, at least as long as they are active. 
 
Essentially discouraging highest speeds? 
Ulmann & Rose (2005) also compared speeds of individual vehicles tracked at the upstream control 
point against the speed of the same vehicle at the DSDS location and found that those motorists 
traveling faster than the sign-posted speed limit appeared to reduce their speed more strongly in 
response to the DSDS than did motorists traveling at or below the posted speed limit. 
Ardeshiri & Jeihani (2014) found that the cumulative probability of driving below 1.07 times of the 
speed limit was 95.8%. They concluded that, although this means that DSDS did not result in full 
speed limit compliance, they were certainly capable of reducing the highest speeds... 
 
…but also increasing the lower speeds 
Ardeshiri & Jeihani (2014) applied a Bayesian Network model to their data and found that 51.2% of 
drivers with average speeds below the sign-posted speed upstream of the DSDS increased their 
speeds adjacent to the DSDS. The authors explain this by the fact that DSDSs might act as a 
reminder to some to raise their speed to meet the sign-posted speed. 
 
Speed increases after passing DSDS 
In their cross-sectional study Ardeshiri & Jeihani (2014) installed a counter 335 metres downstream of 
the DSDS to measure the distance effect. They found that drivers increase their speed again to the 
original level after passing the DSDS. 
 
Other modifying conditions 
A number of modifying conditions could exist. This means that the effect of the DSDS can be higher 
or lower according to variables such as time of the day, day of the week, duration of DSDS operation 
and distance from the DSDS location. 
Time of day (peak hours vs. off-peak) and day of the week (weekdays vs. weekends) appeared to be 
less significant compared to the road-specific variables (Ardeshiri & Jeihani, 2014). DSDSs that add 
additional coloured and/or verbal messages to the numeric feedback appear to result in stronger 
speed reductions than DSDSs with only numeric feedback (Gehlert et al., 2012). The verbal coloured 
DSDS reduces speed most, followed by the numeric coloured DSDS and the numeric DSDS. The verbal 
coloured DSDS also exhibits no habituation effects (see ‘Effects over time’) in contrast to both 
numeric DSDS. The differences between the DSDS are explained with different priming mechanisms 
initiated by traffic signs (Gehlert et al., 2012). Verbal messages such as ‘Slow’, ‘Slow down’ or ‘Thank 
You’ translate speed behaviour into an unambiguous instruction as to how to change speeding 
behaviour. Numeric DSDS give no hint for action and leave the interpretation up to the driver (Gehlert 
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et al., 2012). This mechanism might also explain why Ulmann & Rose (2005) found higher reductions 
at school speed zones (-9 mph) than at other locations (-5 mph or less depending on the location). 
 
Effects on crashes 
Hallmark et al. (2015) calculated the effect on crashes by means of a before- and after study. They 
found an overall reduction in the number of crashes of 5% (CMF 0.95) with a 95% CI [0.93-0.97]. Single 
vehicles crashes were studied separately and had decreased by 5% (CMF 0.95) with a 95% CI [0.93- 
0.97] 
 
 
Table 2: Summary of coded study results for dynamic speed display signs (DSDSs) (sorted by surname of first author) 
 
Author(s), 
year, country 
Exposure 
variable 
Dependant / 
outcome type 
Effects on road safety Main outcome – description 
Ardeshiri A., 
Jeihani M., 
2014, USA 
Active 
dynamic 
speed 
display sign 
Mean speed 
↗ 
Average speed 
decrease of 1.19 
miles per hour  
The DSDS is an effective 
short-term tool for short distances  
Cruzado I., 
Donnell E.T., 
2009, USA 
Active 
dynamic 
speed 
display sign 
Mean speed 
↗ 
Average speed 
reduction of 10.1 
km/h  
DSDSs are effective in reducing free-flow 
passenger car operating speeds by an 
average of 6 mph (10 km/h) while in place 
and activated. Speed reductions faded 
after the devices were removed from the 
study sites. 
Gehlert T., 
Schulze C., 
Schlag B., 
2012, 
Germany 
Active 
dynamic 
speed 
display sign 
• Mean speed 
• V85 
• Percentage of 
vehicles 
exceeding the 
speed limit 
↗ 
• Average speed 
reduction of 1.0 
to 3.1 km/h. 
• V85 reduction of 
1 to 3 km/h 
• Reduction of 6.6 
to 28.6 % of 
vehicles 
exceeding the 
speed limit  
All DSDSs reduce average speed, 85th 
percentile speed, and the percentage of 
vehicles exceeding the speed limit. After 
dismounting the speed level returned to 
its baseline for all three DSDSs. 
Hallmark, S.L; 
Hawkins, N. 
Smadi, O., 
2015, USA 
Active 
dynamic 
speed 
display sign 
in curves 
• Number of 
crashes 
• Mean speed 
• V85 
• Percentage 
of vehicles 
exceeding 
posted or 
advisory 
speed limit 
↗ 
• -5% crashes, 
95% CI [-7%; -
3%] 
• 1.96 mph 
reduction of 
mean speed 
(p<0.05) 
• 2.3 mph 
reduction of V85 
(p<0.05) 
• 17.7% reduction 
of fraction of 
vehicles 
exceeding 
posted or 
advisory speed 
by 10 mph   
On average, most sites had decreases in 
mean speeds, decreases in 85th percentile 
speed and large reductions in the number 
of vehicles traveling over the posted or 
advisory speed.  
The crash analysis showed a significant 
reduction of 5% of all crashes at the 
studied curves. 
Ullman, G.L. ; 
Rose, E.R., 
2005, USA 
Active 
dynamic 
speed 
display sign 
• Mean speed 
• V85 
• Percentage of 
vehicles 
exceeding the 
speed limit 
↗ 
• 1 to 4 mph 
reductions in 
mean speed and 
V85 
 
DSDSs can yield small reductions in 
average and 85th percentile speeds as well 
as reductions in the percent of motorists 
who exceed the posted speed limit. 
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* Effects on road safety are coded as: positive (↗), negative (↘), non-significant (-) or no test for significance reported (∕) 
 
2.4 DESCRIPTION OF ANALYSIS  
 
Vote-count analysis 
Five key studies establishing the effects of DSDSs have been identified, coded, analysed and 
summarized. Only one study directly assessed the effect on the number of crashes. Each of the five 
studies assessed the effect on driving speed.  All studies calculated effects on mean speeds, while 
three out of the five studies also assessed effects on 85th percentile speeds and effects on the 
proportion of vehicles exceeding the speed limit. A vote-count analysis was conducted for the effect 
on mean speeds, the effect on 85th percentile speeds and the effect on the percentage of vehicles 
exceeding the speed limit. Each study had one vote. For the sake of completeness, the effect on the 
number of crashes was also included. The results are presented in Table 3. The vote can take three 
different values: 
• An increase in either average speeds, V85, percentage of vehicles exceeding the speed limit or 
the number of crashes (↗) 
• A decrease (↘) 
• No significant difference  
 
 
Table 3: Results for effects of DSDS  
 Total number of 
effects tested 
Result  
(number of effects) 
Result  
(% of effects) 
  ↗ - ↘ ↗ ↘ 
Average speed 5 0 0 5 0 100 
V85 3 0 0 3 0 100 
Percentage of vehicles exceeding 
the speed limit 
3 
0 0 3 0 100 
Number of crashes 1 0 0 1 ° 100 
 
The number of studies is small, but the results are consistent. All included studies reported decreases 
of mean speeds, decreases of the 85th percentile speed and decreases of the percentage of vehicles 
exceeding the speed limit. Together with the single result on the effects on the number of crashes, 
this leads to a still limited though very consistent overall picture which justifies a green colour code 
(“Results consistently show that the countermeasure reduces road safety risk”).   
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3 Supporting document 
 
 
 
 
This Supporting Document on dynamic speed display signs describes the literature search strategy 
(Section 3.1) and it presents references to the finally coded studies (Section 3.2). 
 
Taxonomy 
Measure Specific measure 
Speed management and 
enforcement Dynamic Speed Display Signs 
 
 
3.1 LITERATURE SEARCH STRATEGY 
 
 
A literature search for studies that assessed effects of DSDSs was carried out in three databases 
(ScienceDirect, TRID, Scopus) with combinations of search terms and operators. These studies were 
subsequently assessed and checked for their relevance. The tables below describe the search terms, the 
logical operators and the number of hits for the searches in the different databases.  
 
 
 
 
Research terms and hits 
Database: ScienceDirect Date: 03rd February 2017 
 
Limitations/ Exclusions: 
• Search field: TITLE-ABS-KEY 
• Published: 1990 to current 
• Document Type: ALL 
 
 
Table 4: Search terms and hits in ScienceDirect 
search 
no. 
search terms / operators / combined queries hits 
#1 TITLE-ABSTR-KEY("variable message sign*") and TITLE-ABSTR-KEY(effectiveness or "road 
safety" or "efficiency" or "impact" or "effect") 
45 
#2 TITLE-ABSTR-KEY("dynamic  message  sign*")  and  TITLE-ABSTR-KEY(effectiveness  or 
"road safety" or "efficiency" or "impact" or "effect"). 
3 
#3 TITLE-ABSTR-KEY("dynamic   speed*")   and   TITLE-ABSTR-KEY((effectiveness   or   "road 
safety" or "efficiency" or "impact" or "effect")) 
69 
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Database: TRID Date: 06th February 2017 
 
Limitations/ Exclusions: 
• Published: 1990 to 2017 
• Document source : ALL, Document Type: ALL, Subject area : ALL 
• Language: English and French 
 
Table 5: Search terms and hits in TRID 
search 
no. 
search terms / operators / combined queries hits 
#1 
[Title]   (("variable message sign*") OR ("dynamic message sign")) AND (effectiveness OR 
"road safety" OR efficiency OR impact OR effect OR evaluation) 
58 
 
#2 
[Title] ("dynamic speed*") AND (effectiveness OR "road safety" OR efficiency OR impact OR 
effect OR evaluation) 
53 
 
 
Database: Scopus Date: 06th February 2017 
 
Limitations/ Exclusions: 
• Search field: Abstract, title, keywords 
• Published: 1990 to current 
• Document Type: ALL 
• Subject Area: ALL 
 
Table 6: Search terms and hits in Scopus 
search 
no. 
search terms / operators / combined queries hits 
 
#1 
( TITLE ( ( ( "variable message sign*" ) OR ( "dynamic message sign" ) ) ) AND TITLE ( ( 
effectiveness OR "road safety" OR efficiency OR impact OR  effect  OR  evaluation ) ) ) 
AND PUBYEAR > 1989 
50 
 
#2 
( TITLE ( ( "dynamic speed*") ) AND TITLE ( ( effectiveness OR "road safety" OR efficiency 
OR impact OR effect OR evaluation ) ) )  AND PUBYEAR > 1989 
59 
 
 
The searches resulted in 92 unique papers. 
 
Principles  
 
Papers and reports were excluded if they did not study DSDSs, just mentioned them rather indirectly, 
or studied them from a perspective that was not meaningful for the purpose of the project. This was 
the case if they dealt mainly or completely with:  
- In general: 
o Messages within vehicles, on-board traffic messages 
o Driver,  environmental   or   infrastructural   factors   affecting   
understandability   / comprehension of the message 
o Visibility/readability/legibility of the message; viewing comfort; text layout ; 
display format ; impact of bilingual messages 
o Driver’s opinion, driver’s satisfaction 
o Energy efficiency, composition/materials 
o Environmental effect/impact 
o Guidelines 
- Types of variable message signs that don’t meet the criteria of DSDSs (e.g. no real-
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time speed measurement, no feedback to the driver) 
- Dynamic or Variable speed limits (DSL/VSL), including weather-dependent VSL 
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Interesting papers from the literature search  
 
Applying the abovementioned principles to the preselected papers resulted in 11 promising references 
for Dynamic speed display signs (DSDSs). Full paper versions of 9 of these references could be traced 
as shown in the table below.  
 
Table 7: Preselection of studies based on title and abstract 
 
Authors 
 
Title 
 
Year 
 
Country 
Ava 
ilab 
le? 
Scientific journal? Relev 
ant? 
Coda 
ble? 
Hallmark, S.L; 
Hawkins, N. Smadi, 
O. 
+ 
Hallmark, S L; 
Hawkins, N; Smadi, 
O. 
Evaluation of Dynamic Speed 
Feedback Signs on Curves: A 
National Demonstration 
Project 
+ 
Speed Reduction Impact of 
Dynamic Speed Feedback 
Signs on High Crash Curves.. 
 
 
2015 
+ 
2012 
 
 
 
USA 
 
 
 
V 
No - FHWA report 
+ 
No - 2012 15th International 
IEEE Conference on 
Intelligent Transportation 
Systems 
Yes Yes 
Ardeshiri A. Jeihani 
M. 
A speed limit compliance 
model for dynamic speed 
display sign 
2014 USA V 
Yes - Journal of Safety 
Research 
Yes Yes 
Gehlert T., 
Schulze C., 
Schlag B. 
Evaluation of different types 
of dynamic speed display 
signs 
2012 Germany V 
Yes - Transportation 
Research Part F 
Yes Yes 
Jeihani, M; 
Ardeshiri, A; 
Naeeni, A 
Evaluating the Effectiveness 
of Dynamic Speed Display 
Signs. 
 
2012 
 
USA 
 
V 
No - Morgan State University 
National Transportation 
Center Research report 
Yes Yes 
 
Cruzado I., Donnell 
E.T. 
Evaluating effectiveness of 
dynamic speed display signs 
in transition zones of two-
lane, rural highways in 
Pennsylvania 
 
2009 
 
USA 
 
V 
Yes - Transportation 
Research Record: Journal of 
the Transportation Research 
Board 
Yes Yes 
 
Schoenecker, T.; 
Sandberg, W.; 
Sebastian, K.; Soler, 
D. 
 
Long-Term Effectiveness 
of Dynamic Speed 
Monitoring Displays 
(DSMD) for Speed 
Management at Speed 
Limit Transitions. 
 
 
 
2008 
 
 
 
USA 
 
 
 
V 
No - FHWA research, 15th 
World Congress on ITS, 2006 
Yes Yes 
(but 
little 
statist 
ical 
detail 
s) 
 
Ullman, G.L. ; Rose, 
E.R. 
 
Evaluation of Dynamic 
Speed Display Signs. 
 
2005 
 
USA 
 
V 
Yes - Transportation 
Research Record: Journal of 
the Transportation Research 
Board 
Yes Yes 
 
Rose, E R; Ullman, G 
L. 
 
EVALUATION OF DYNAMIC 
SPEED DISPLAY SIGNS 
(DSDS). 
 
2003 
 
USA 
 
V 
No - Texas Department of 
Transportation, Research and 
Technology Implementation 
Office 
Yes Yes 
 
Ardeshiri, Anam; 
Jeihani, Mansoureh. 
Dynamic Speed Display 
Sign Impact on Speed 
Limit Compliance on 
Multiple Roadway Classes 
 
2013 
 
? 
 
X 
   
Sandberg, W.; 
Schoenecker, T.; 
Sebastian, K.; Soler, 
D. 
Long-Term Effectiveness of 
Dynamic Speed Monitoring 
Displays (DISMAYED) for 
Speed Management at Speed 
Limit Transitions. 
 
 
2006 
 
 
USA 
 
 
X 
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Coding 
 
 
The remaining studies were checked, based on the full paper version. All checked studies are 
presented in Table 8. The table includes authors, title, year and source of the study. Studies 
highlighted in green were coded. The last column mentions the reason for exclusion of the not coded 
studies. 
 
Table 8: Selection of studies to be coded 
 
Authors Title Year Source Status Reason for exclusion 
Hallmark, S.L; 
Hawkins, N. 
Smadi, O. 
Evaluation of Dynamic Speed 
Feedback Signs on Curves: A National 
Demonstration Project 
. 
2015 FHWA report Coded  
Ardeshiri A. 
Jeihani M. 
A speed limit compliance model for 
dynamic speed display sign 
2014 Journal of Safety Research coded  
Gehlert T., 
Schulze C., 
Schlag B. 
Evaluation of different types of 
dynamic speed display signs 
2012 Transportation Research 
Part F 
coded  
Jeihani, M; 
Ardeshiri, A; 
Naeeni, A 
Evaluating the Effectiveness of 
Dynamic Speed Display Signs. 
2012 Research report Not coded Similar to Ardeshiri & 
Jeihani, 2014 
Cruzado I., 
Donnell E.T. 
Evaluating effectiveness of dynamic 
speed display signs in transition zones 
of two-lane, rural highways in 
Pennsylvania 
2009 Transportation Research 
Record: Journal of the 
Transportation Research 
Board 
coded  
Schoenecker, T.; 
Sandberg, W.; 
Sebastian, K.; 
Soler, D. 
Long-Term Effectiveness of Dynamic 
Speed Monitoring Displays (DSMD) 
for Speed Management at Speed 
Limit Transitions. 
2008 Conference Proceeding Not coded Preference for journal 
papers 
Ullman, G.L. ; 
Rose, E.R. 
Evaluation of Dynamic Speed Display 
Signs. 
2005 Transportation Research 
Record: Journal of the 
Transportation Research 
Board 
coded  
Rose, Rose, E R ; 
Ullman, G L. 
EVALUATION OF DYNAMIC SPEED 
DISPLAY SIGNS (DSDS). 
2003 Research report Not coded Similar to Ullman & 
Rose, 2005 
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Author : Tim De Ceunynck; Belgian Road Safety Institute (June 2017) 
 
COLOUR CODE 
Green: Results consistently show that section control and fixed speed cameras have favourable 
effects on the number of crashes that occur.  
 
1.1 ABSTRACT 
Section control and fixed speed cameras aim to reduce the number of crashes by enforcing the 
posted speed limits. While fixed speed cameras measure the driving speed at one specific point, 
section control measures the average driving speed over a longer road section.  
 
Most research towards speed cameras and section control suggests a favourable impact on road 
safety. Section control was found to significantly reduce the number of crashes in a meta-analysis 
(Høye, 2014). The estimated reduction in the number of crashes is somewhat stronger than for fixed 
speed cameras: -30% for the total number of crashes and -56% for crashes involving killed or 
severely injured victims. These results were confirmed by three more recent papers as well. Some 
indications are found of favourable spillover effects to non-treatment sites further downstream (e.g. 
reduction in the number of crashes also in a non-treated location following the section control site). 
 
Results from the same meta-analysis indicate that fixed speed cameras significantly reduce the total 
number of crashes by about 20%. The results are to some extent confirmed by three more recent 
papers. The results suggest that the effect is very local, and no indications of spillover effects to non-
treatment sites were found. A stronger effect was found for fatal crashes (-51%), but this could 
partly be explained by regression to the mean.  
 
1.2 KEYWORDS  
Automatic speed enforcement, section control, average speed enforcement, point-to-point speed 
enforcement, fixed speed cameras, Empirical Bayes, spillover effects. 
 
1.3 BACKGROUND 
1.3.1 What are fixed speed cameras and section control? 
Fixed speed cameras are cameras that are positioned at a specific location and programmed to take 
pictures of vehicles exceeding the speed limit (usually with a certain tolerance). Vehicles are 
identified by their number plate and the vehicle owner can then be fined. Section control can be 
seen as an extension of fixed speed cameras. Speed is not measured at a single point but on a longer 
road section. Based on pictures taken at two camera locations that can be several kilometres apart, 
the average speed is calculated, and if the average speed exceeds the speed limit, the vehicle owner 
can be fined (Høye, 2014).  
 
There may be some country specific differences in the implementation of speed camera and section 
control programs, such as when cameras are in operation (continuously or only at certain times) or 
thresholds for sanctioning vehicle owners/drivers. In general, however, fixed speed camera and 
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section control programs are quite similar in different countries and are usually clearly visible and 
signposted (Høye, 2014). 
 
1.3.2 What is the rationale behind fixed speed cameras and section control?  
Fixed speed cameras and section control (also referred to as average speed enforcement or point-
to-point speed cameras) aim to reduce the number of crashes by enforcing the sign-posted speed 
limits.  Excessive speed is a major road safety issue on all road types. Exceeding the speed limit, 
even by small amounts, has been found to be associated with substantial increases in crash risk as 
well as the severity of the outcomes should a crash take place (Aarts & van Schagen, 2006; Elvik et 
al., 2004). Therefore, even small reductions in vehicle speed can produce substantial reductions in 
the number and severity of crashes (Nilsson, 2004).  
 
In addition, speed variation between vehicles has also been demonstrated to increase the risk of 
crash involvement (Soole et al., 2013). Fixed speed cameras and section control could affect road 
safety not only through their impact on mean speed and/or exceedance of the speed limit, but also 
through an effect on the speed variation. 
 
1.3.3 Description of the main research methods 
The safety effects of section control and fixed speed cameras have been studied quite extensively. A 
recent meta-analysis (Høye, 2014) has been identified, as well as a number of more recent studies in 
peer-reviewed scientific journals. All studies apply a before-after study design, usually the Empirical 
Bayes method. Only studies that provide estimates on the number of crashes have been included; 
studies that only looked at non-crash measures (e.g. driving speed) were not included. Most of the 
studies provide multiple estimates for different levels of crash severity. 
 
1.4 OVERVIEW OF STUDY RESULTS 
Section control significantly reduces the number of crashes according to a meta-analysis by Høye 
(2014). The estimated reduction in the number of crashes is somewhat stronger than for fixed speed 
cameras: -30% for the total number of crashes and -56% for crashes involving killed or severely 
injured victims. These results are also confirmed by the more recent individual studies on the effects 
of section control (Høye, 2015b; Lahrmann et al., 2016; Montella et al., 2015). Some indications are 
found of favourable spillover effects to non-treatment sites further downstream (Høye, 2015b; 
Montella et al., 2015). 
 
Results from the meta-analysis (Høye, 2014) indicate that fixed speed cameras significantly reduce 
the total number of crashes by about 20%. A stronger effect was found for fatal crashes (-51%), but 
this could partly be explained by regression to the mean. The effects of the meta-analysis are to 
some extent confirmed by the more recent individual studies (Høye, 2015a; Hu & McCartt, 2016; Li & 
Graham, 2016). The results suggest that the effect is very local, and no indications of a spillover 
effect were found. 
 
1.5 NOTES ON RESEARCH METHODS 
The methodology of the studies is quite robust. The studies correct for possible confounders such as 
general trends and RTTM at least to some extent. Most of the studies are European.  
 
The number of treatment sites is generally lower in studies about section control than in studies 
about fixed speed cameras. The effects of section control have mostly been studied on roads of 
higher order (highways and motorways), while the effects of fixed speed cameras have mostly been 
studied on roads of lower order. The results of all the studies appear to be relatively homogenous.  
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The large body of available studies, their high quality and the homogeneity of their results suggest 
that the found results are reasonably well transferable to similar locations in other European 
countries. 
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2 Scientific overview 
 
 
 
2.1 ANALYSIS OF STUDY DESIGN AND METHODS 
The number of studies of good quality on the effects of section control and fixed speed cameras is 
relatively high. A recent meta-analysis is available that summarizes the results of a number of 
individual studies on both speed measures (Høye, 2014). The meta-analysis on section control 
combines the effects of four individual studies; the meta-analysis on fixed speed cameras combines 
the effects of 15 individual studies. The meta-analysis does not provide details about the types of 
locations that are assessed in the individual papers it summarizes. There are likely to be substantial 
differences between the individual studies that are included.  
 
All individual studies apply a before-after study design, usually the Empirical Bayes method. All 
papers have corrected for general trends and Regression to the Mean (RTTM) at least to some 
extent. 
 
The three additional studies about section control assessed the effectiveness of section control on 
higher order roads (highways and motorways, speed limits of 80 km/h or higher). Two of the studies 
(Høye, 2015b; Montella et al., 2015) did not only look at treatment sites, but also at some spillover 
sites downstream of the treatment sites. Sample sizes are relatively low in the studies by Høye 
(2015b) and Lahrmann et al. (2016). The sample size is somewhat higher in the study by Montella et 
al. (2015), although all sites are situated on the same motorway.  
 
The three additional studies about fixed speed cameras assessed the effectiveness of section control 
on roads of a lower order. These include urban as well as rural roads, with speed limits up to 90 
km/h. Two of the papers had large sample sizes (Høye, 2015a; Li & Graham, 2016), while one paper 
had a small sample size (Hu & McCartt, 2016). One paper included a small sample of spillover sites as 
well (Hu & McCartt, 2016). 
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Table 1: Information on sample and design of coded studies. 
Author(s), 
year, country  
Measure description 
and sample 
Study design Types of location included Outcome indicators 
SECTION CONTROL 
Høye, 2014,  
(meta-analysis), 
several 
countries 
Effects of section 
control from 4 
individual studies 
Meta-analysis, 
some of the 
included 
estimates are 
corrected for 
RTTM 
- No details about individual 
sites of included studies 
provided 
- Likely differences between 
studies 
- Number of injury 
crashes and crashes of 
unspecified severity 
- Number of killed and 
severe injury (KSI) 
crashes 
Høye, 2015b, 
Norway 
Effects of section 
control at 14 treatment 
sites and 6 spillover 
site  
Empirical Bayes 
before-after 
study, RTTM 
accounted for 
- Tunnels and open roads  
- most sites have a speed limit 
of 80 km/h  
- length of treatment sites 2.05-
10.54 km 
- length of spillover sites 3-6km 
- Number of injury 
crashes  
- Number of KSI crashes 
Lahrmann, 
Brassøe, 
Johansen, 
Madsen, 2016, 
United 
Kingdom 
Effects of section 
control at 10 sites on 
one highway 
Before-after 
study, RTTM 
partly accounted 
for 
- A77 highway 
- 2- and 4-lane sections 
- Speed limit 60-70 mph 
- Number of injury 
crashes  
 
Montella, 
Imbriani, 
Marzano, 
Mauriello, 2015, 
Italy 
Effects of section 
control at 167 sites on 
one motorway; 
includes treatment 
(length of 18.1km) and 
spillover sites (22.3 
km) 
Empirical Bayes 
before-after 
study, RTTM 
accounted for 
- A56 Motorway 
- Nearly half of the studied 
stretch of motorway is 
equipped with section control 
- Number of crashes 
- Number of property 
damage only (PDO) 
crashes 
- Number of injury 
crashes  
 
FIXED SPEED CAMERAS 
Høye, 2014 
(meta-analysis), 
several 
countries 
Effects of fixed speed 
cameras from 15 
individual studies 
Meta-analysis, 
some of the 
included 
estimates are 
corrected for 
RTTM 
- No details about individual 
sites of included studies 
provided 
- Likely differences between 
studies 
- Number of crashes of 
unspecified severity 
- Number of injury 
crashes 
- Number of KSI crashes 
- Number of fatal 
crashes 
Høye, 2015a, 
Norway 
Effects of fixed speed 
cameras at 223 sites 
Empirical Bayes 
before-after 
study, RTTM 
accounted for 
- Sites outside urban area 
- Mostly two-lane sites 
- Speed limits 50-90 km/h 
- Number of injury 
crashes  
- Number of KSI crashes 
Hu & McCart, 
2016, United 
States 
Effects of fixed speed 
cameras at 18 
treatment sites and 9 
spillover sites 
Before-after 
study, RTTM 
partly accounted 
for 
- School zones and residential 
roadways with speed limits of 
35 mph or less 
- Injury severity; 
likelihood of 
incapacitating or fatal 
injury 
Li & Graham, 
2016 
Effects of fixed speed 
cameras at 771 
treatment sites 
Propensity score 
matching, RTTM 
accounted for 
- Diverse sample of roads with 
speed limit of 30-40 mph 
- Number of injury 
crashes  
- Number of KSI crashes 
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2.2 OVERVIEW OF STUDY RESULTS 
 
A recent meta-analysis is available that combines the results of multiple scientific studies regarding 
the effects of fixed speed cameras and section control on crashes (Høye, 2014). A review-type 
analysis has been made that departs from this meta-analysis, supplemented by a number of more 
recent studies on the topics that have been published in peer-reviewed journals. The meta-analysis 
is supplemented with three more recent studies about the safety effects of fixed speed cameras 
(Høye, 2015a; Hu & McCartt, 2016; Li & Graham, 2016), and three more recent papers about the 
safety effects of section control (Høye, 2015b; Lahrmann et al., 2016; Montella et al., 2015). Most of 
the papers made use of the Empirical Bayes method, in which unbiased estimates of effect are 
obtained by correcting for elements such as general trends in crash records, traffic volumes and 
regression to the mean. As a result, the found effects constitute an actual change in crash risk. A 
summary of the main results can be found in Table 2. 
 
Most research towards speed cameras and section control suggests that they significantly improve 
road safety.  
 
The meta-analysis about section control (Høye, 2014) found that section control significantly 
reduces the number of crashes by about 30%. The analysis of the most severe crashes showed a 
significant reduction by 56% in the number of crashes involving fatal and severe injury (KSI) crashes. 
The impact of section control on KSI crashes was found to be higher than on all crashes, but this 
result should be interpreted with caution since the estimate of the impact on KSI was based on one 
estimate from only one study. An overall improvement in road safety is therefore found by the 
meta-analysis. 
 
Lahrmann et al. (2016) found a significant reduction in injury crashes after the installation of section 
control. Montella et al. (2015) found a significant reduction in all crashes, injury crashes and property 
damage only (PDO) crashes. Høye (2015b) found a significant reduction in KSI crashes, but the 
impact on all crashes was not statistically significant. Both tunnels and open roads were included in 
this study, and the results for both types of locations were highly similar. These results largely 
confirm the results of the meta-analysis.  
 
The meta-analysis on fixed speed cameras (Høye, 2015a) found that fixed speed cameras 
significantly reduce the number of crashes of all severity categories. The strongest reduction was 
found in the number of fatal crashes.  
 
Li & Graham (2016) found that fixed speed cameras lead to a significant reduction in the number of 
injury crashes as well, but could not confirm a significant effect on the number of fatal crashes. Hu & 
McCart (2016) found a significant reduction in the crash severity, expressed as the likelihood that a 
crash leads to an incapacitating or fatal injury, as a result of installing fixed speed cameras. The 
study by Høye (2015a) looked into different levels of crash severity and different section lengths 
around the position of the speed camera, but could only confirm the results of the meta-analysis to a 
limited extent. A significant reduction in the number of injury crashes was only found for segments 
of medium length (100m upstream to 1km downstream of the camera position). For longer and 
shorter lenghts, and in separate analyses for KSI crashes, no significant effects were found.  
 
When comparing the effectiveness of section control and fixed speed cameras, one should take the 
length of the treatment area into account. Fixed speed cameras are spot measures, and their 
effects have a more limited length than section control. The fixed speed cameras studies that were 
included in the meta-analysis by Høye (2014) apply very different lengths of observation of effects, 
which makes it difficult to pinpoint exactly how far the effects of fixed speed cameras reach. For 
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example, the study by Høye (2015a) found a significant reduction of injury crashes in an area 100m 
upstream to 1km downstream of the fixed speed camera location, but no significant effect over a 
longer distance of 100m upstream to 3km downstream, or over a shorter distance of 100m upstream 
to 100m downstream. Section control studies, on the other hand, measure the effect on crashes 
over the entire length of the section control installation. These installations vary greatly in length, 
but generally are several kilometres long. For example, the length of the section control sites in the 
study by Høye ranges from 2.05 to 10.54 km. 
 
In addition, some indications were found that section control can have spillover effects on other 
locations (i.e. they can lead to a reduction in crashes at other sites where no section control is 
installed as well). Høye (2015b) found a significant reduction in the number of injury crashes at 
spillover sites, but no significant influence on KSI crashes. Montella et al. (2015) found a significant 
reduction in all crashes and in injury crashes at spillover sites, but no significant effect on PDO 
crashes. One study (Hu & McCartt, 2016) looked into a possible spillover effect of fixed speed 
cameras, but no significant spillover effect was found for fixed speed cameras.  
 
Findings by De Pauw et al. (2014b) indicate that drivers slow down quite abruptly near fixed speed 
cameras on motorways and speed up again shortly after passing the camera. For section control, on 
the other hand, a similar study by De Pauw et al. (2014a) found favourable effects on driving speed 
up to 6km before and after the enforced section. These findings can probably explain why the 
favourable effects of section control on crash records seem to extend beyond the actual treatment 
sites.  
 
Additionally, a review by Soole et al. (2013) states that the high degree of compliance to the speed 
limits that is associated with section control also leads to reduced speed variation because the 
majority of motorists travelling on enforced sections of road tend to drive at speeds close to the 
sign-posted speed limit. Since a higher level of speed variation tends to have a negative effect on 
road safety (Aarts & van Schagen, 2006), this is an additional favourable effect on driving speed. 
 
2.3 TRANSFERABILITY 
 
The methodology of the studies is quite robust. All included studies correct for possible confounders 
such as general trends and RTTM at least to some extent. Most of the studies are European.  
 
The number of treatment sites is generally lower in studies about section control than in studies 
about fixed speed cameras. The effects of section control have mostly been studied on roads of 
higher order (highways and motorways), while the effects of fixed speed cameras have mostly been 
studied on roads of lower order. The results of all the studies appear to be relatively homogeneous.  
 
The large body of available studies, their high quality and the homogeneity of their results suggest 
that the found results are reasonably well transferable to similar locations in other European 
countries.  
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Table 2 Summary of study results.  
Authors and 
Country 
Dependant / 
outcome type 
Futher specification of sites Best estimate of effect 
[95% CI] 
Impact on 
road safety 
SECTION CONTROL 
Høye, 2014 (meta-
analysis), Several 
countries (4 studies 
included) 
Injury crashes and 
crashes of unspecified 
severity 
/ -30% [-36; -24] ↗ 
Fatal and severe 
injury (KSI) crashes 
/ -56% [-66; -42] ↗ 
Høye, 2015b, Norway Injury crashes  Treatment sites -12% [-34; +9] / 
Spillover sites -46% [-64; -29] ↗ 
KSI crashes Treatment sites -49% [-81; -18] ↗ 
Spillover sites +30% [-92; + 125] / 
Lahrmann, Brassøe, 
Johansen, Madsen, 
2016, United Kingdom 
Number of injury 
crashes 
/ -33% [-41%; -24%] ↗ 
Montella, Imbriani, 
Marzano, Mauriello, 
2015, Italy 
All crashes  Treatment sites -32.0% [-41,6; -22.3] ↗ 
Property damage only 
(PDO) crashes  
-21.6% [-39.9; -3.3] ↗ 
Injury crashes  -36.8% [-48.0; -25.6] ↗ 
All crashes  Spillover sites -20.8% [-31.0; -10.6] ↗ 
PDO crashes  -12.0% [-29.8; +5.8] / 
Injury crashes  -25.7% [-37.9; -13.5] ↗ 
FIXED SPEED CAMERAS 
Høye, 2014a (meta-
analysis), Several 
countries (15 studies 
included) 
Crashes of 
unspecified severity 
/ - 20% [-28; -10] ↗ 
Injury crashes / -20% [-26; -12] ↗ 
KSI crashes / -15% [-24; -6] ↗ 
Fatal crashes / -51% [-72; -12] ↗ 
Høye, 2015a, Norway Injury crashes Long segments (100m upstream 
– 3km downstream) 
-5% [-12; +2] / 
Medium segments (100m 
upstream – 1km downstream) 
-22% [-30; -14] ↗ 
Short segments (100m 
upstream – 100m downstream) 
+1% [-36; +37] / 
KSI crashes  Long segments (100m upstream 
– 3km downstream 
-17% [-47; +14] / 
Medium segments (100m 
upstream – 1km downstream) 
-24% [-72; +24] / 
Short segments (100m 
upstream – 100m downstream) 
-14% [-92; + 65] / 
Hu & McCart, 2016, 
United States 
Crash severity – 
likelihood of 
incapacitating or fatal 
injury 
Treatment sites -19.4% [Significant at 
α=0.05; CI not reported] 
↗ 
Spillover sites -17.2% [not significant at 
α=0.05; CI not reported] 
/ 
Li & Graham, 2016, 
United Kingdom 
Injury crashes / -25.9% [Significant at 
α=0.05; CI not reported] 
↗ 
KSI crashes / -4.5% [not significant at 
α=0.05; CI not reported] 
/ 
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2.4 CONCLUSION  
 
In conclusion, there is ample evidence that both section control and fixed speed cameras improve 
road safety. All effect studies report a decrease in at least some types of crashes at locations that are 
equipped with section control or fixed speed cameras. A meta-analysis reports a decrease of 30% in 
injury crashes and crashes of unspecified severity, and a decrease of 56% in KSI crashes as a result of 
installing section control. The meta-analysis results of installing fixed speed cameras indicate a 
reduction of 20% in injury crashes and crashes of unspecified severity, 15% in KSI crashes and 51% in 
fatal crashes. A number of more recent studies about both topics largely confirmed the results from 
the meta-analysis. Some evidence was found of favourable spillover effects of section control to 
non-treatment sites. The large body of available studies, their high quality and the homogeneity of 
their results suggest that the found results are reasonably well transferable to similar locations in 
other European countries. 
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3 Supporting document 
 
 
A literature search for studies that assessed effects of section control and speed fixed cameras was 
carried out in three databases (ScienceDirect, TRID, Scopus) with combinations of search terms and 
operators. These studies were assessed and checked for their relevance. Coding has focused on the 
most recent available meta-analysis (Høye, 2014), and articles in peer-reviewed scientific journals 
that are more recent than the meta-analysis (and that were therefore not included in it). Only 
articles that provide effect estimates on the number or severity of crashes are included; papers that 
only applied non-crash measurements such as driving speed have not been included. 
 
3.1 METHODOLOGY 
3.1.1 Literature search strategy – section control 
Principles 
Excluded: 
• Effects on non-accident outcome (mainly speed and/or speed distribution) (will be 
diagonally checked for scientific background section) 
• Driving simulator studies  
• Impact on traffic capacity/flow 
• Studies that are included in the 2014 meta-analysis 
• Studies before 2013 (since these should be included or at least taken into consideration as 
part of the meta-analysis)   
• Studies that deal with speed (or speed enforcement) at large, with speed cameras and/or 
section control only being a smaller part of the study 
• Studies about red light cameras or mobile speed cameras 
 
Research terms and hits  
Database: ScienceDirect   Date: 9th February 2017 
 
Limitations/ Exclusions: 
• Search field: TITLE-ABS-KEY 
• Published: 2013 to current 
• Document Type: ALL 
 
search no. search terms / operators / combined queries hits 
#1 pub-date > 2013 and TITLE-ABSTR-KEY(("section control" OR "section speed control" OR 
"average speed enforcement" OR "average speed control" OR "average speed cameras" OR 
"point-to-point average speed") AND ("road safety" OR accident* OR crash*)) 
4 
 4 selected 
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Database: Scopus Date: 9th February 2017 
 
Limitations/ Exclusions: 
• Search field: TITLE-ABS-KEY 
• Published: 2013 to current 
• Document Type: ALL 
 
 search 
no. 
search terms / operators / combined queries hits 
Speed 
cameras 
#1 pub-date > 2013 and TITLE-ABSTR-KEY(("section control" OR "section speed 
control" OR "average speed enforcement" OR "average speed control" OR "average 
speed cameras" OR "point-to-point average speed") AND ("road safety" OR 
accident* OR crash*)) 
8 
 8 selected 
 
 
Database: TRID   Date: 10th February 2017 
 
Limitations/ Exclusions: 
• Published: 2013 to 2017 
• Document source : ALL, Document Type: ALL, Subject area : ALL 
• Language: English  
 
 search 
no. 
search terms / operators / combined queries hits 
 #1 
[TITLE]    "section control" OR "section speed control" OR "average speed enforcement" 
OR "average speed control" OR "average speed cameras" OR "point-to-point average 
speed" 
11 
 11 selected 
 
Database: iRAP toolkit, iRAP website and CEDR website Date: 09th February 2017 
No additional relevant studies 
 
Results Literature Search 
Database Hits 
ScienceDirect 4 
Scopus 8 
TRID 11 
Total number of studies to screen title 23 
 
 
Screening 
Total number of studies to screen title (in order to evaluate the relevance to the topic) 23 
Number of articles remaining after screening of the title and abstract  7 
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Prioritising Coding 
 
Prioritisation:  
1. Paper’s availability 
2. Peer-reviewed journal articles only 
 
Following these prioritisation criteria, the full-text screening of the 7 studies allowed the selection of 
4 papers to be coded. 
 
Table 3 Final list of coded studies about section control. 
Authors Title Year Country 
Alfonso Montella, 
Lella Liana Imbriani, 
Vittorio Marzano, 
Filomena Mauriello 
Effects on speed and safety of point-to-point speed 
enforcement systems: Evaluation on the urban 
motorway A56 Tangenziale di Napoli 
2015 Italy 
Alena Høye Safety effects of section control - An empirical Bayes 
evaluation 
2015 Norway 
Alena Høye Speed cameras, section control, and kangaroo jumps – a 
meta-analysis 
2014 Multiple countries 
(meta-analysis) 
Lahrmann, H;, 
Brassøe, B, Johansen, 
J.W.; Madsen, J.C. 
Safety impact of average speed control in the UK 2016 United Kingdom 
 
3.1.2 Literature search strategy – speed cameras 
Principles 
Excluded: 
• Effects on non-accident outcome (mainly speed and/or speed distribution) (will be 
diagonally checked for scientific background section) 
• Driving simulator studies  
• Impact on traffic capacity/flow 
• Studies that are included in the 2014 meta-analysis 
• Studies before 2013 (since these should be included or at least taken into consideration as 
part of the meta-analysis)   
• Studies that deal with speed (or speed enforcement) at large, with speed cameras and/or 
section control only being a smaller part of the study 
• Studies about red light cameras or mobile speed cameras 
 
Research terms and hits  
Database: ScienceDirect   Date: 23rd January 2017 
 
Limitations/ Exclusions: 
• Search field: TITLE-ABS-KEY 
• Published: 2013 to current 
• Document Type: ALL 
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 search 
no. 
search terms / operators / combined queries hits 
Speed 
cameras 
#1 pub-date > 2013 and TITLE-ABSTR-KEY("speed camera*" OR "automatic speed 
enforcement") and TITLE-ABSTR-KEY("road safety" OR accident* OR crash*) 
41 
 9 selected 
 
Database: TRID   Date: 25th January 2017 
 
Limitations/ Exclusions: 
• Published: 2013 to 2017 
• Document source : ALL, Document Type: ALL, Subject area : ALL 
• Language: English  
 
 search 
no. 
search terms / operators / combined queries hits 
 #1 ("speed camera" OR "automatic speed enforcement") 76 
 8 selected 
 
Database: iRAP toolkit, iRAP website and CEDR website Date: 09th February 2017 
No additional relevant studies. Nothing interesting 
 
Results Literature Search 
Database Hits 
ScienceDirect 41 
TRID 76 
Total number of studies to screen title 117 
 
Screening 
Total number of studies to screen title (in order to evaluate the relevance to the topic) 117 
Number of articles remaining after screening of the title and abstract  8 
 
Prioritising Coding 
 
Prioritisation:  
1. Paper’s availability 
2. Peer-reviewed journal articles only 
 
Following these prioritisation criteria, the full-text screening of the 8 studies allowed the selection of 
4 papers to be coded. 
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Table 4 Final list of coded studies about section control. 
Authors Title Year Country 
Haojie Li, Daniel J. 
Graham 
Heterogeneous treatment effects of speed cameras on 
road safety 
2017 United Kingdom 
Alena Høye 
Safety effects of fixed speed cameras - An empirical 
Bayes evaluation 2015 
Norway 
Alena Høye 
Speed cameras, section control, and kangaroo jumps–a 
meta-analysis 2014 
Multiple countries 
(meta-analysis) 
Hu, Wen, McCartt, 
Anne T 
Effects of Automated Speed Enforcement in 
Montgomery County, Maryland, On Vehicle Speeds, 
Public Opinion, and Crashes 
2016 United States 
 
3.2 FULL LIST OF CODED STUDIES 
 
Høye, A. (2014). Speed cameras, section control, and kangaroo jumps–a meta-analysis. Accident 
Analysis & Prevention, 73, 200–208. https://doi.org/10.1016/j.aap.2014.09.001 
Høye, A. (2015a). Safety effects of fixed speed cameras—An empirical Bayes evaluation. Accident 
Analysis & Prevention, 82, 263–269. https://doi.org/10.1016/j.aap.2015.06.001 
Høye, A. (2015b). Safety effects of section control - An empirical Bayes evaluation. Accident Analysis 
& Prevention, 74, 169–178. https://doi.org/10.1016/j.aap.2014.10.016 
Hu, W., & McCartt, A. T. (2016). Effects of automated speed enforcement in Montgomery County, 
Maryland, on vehicle speeds, public opinion, and crashes. Traffic Injury Prevention, 17(sup1), 
53–58. https://doi.org/10.1080/15389588.2016.1189076 
Lahrmann, H., Brassøe, B., Johansen, J. W., & Madsen, J. C. O. (2016). Safety Impact of Average 
Speed Control in the UK. Journal of Transportation Technologies, 06(05), 312. 
https://doi.org/10.4236/jtts.2016.65028 
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1 Summary 
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From all the literature that is available which considers the safety effects of speed hump installation, 
the results show that accident rates and vehicle speeds are reduced when they are installed. In half 
of the studies, the results were significant. In the remaining half, no statistical analysis was 
undertaken, so it is not known whether these results were statistically significant or not. However, it 
is clear that none of the results showed that speed humps or similar resulted in increased speeds or 
accident rates, so it can be concluded that installing speed humps does reduce road safety risk.  
 
Keywords 
 
Speed hump, speed bump, vertical deflection devices, raised crossing, speed ramp, speed cushion, 
speed table, speed breaker, road hump, countermeasure, accident rate, vehicle speed 
 
1.1 ABSTRACT 
 
Vertical speed deflection devices (known in general in this study as ‘speed humps’) aim to reduce 
vehicle speeds, particularly in urban and residential areas, and to improve the safety not only for 
vehicles, but for pedestrians and cyclists using these areas. The effects of the installation of speed 
humps and other similar devices were investigated in the six studies selected for this synopsis 
(including one existing meta-analysis). Studies used either accident rate or vehicle speeds to 
measure the effectiveness of installing speed humps. The results found that the installation of 
speed humps and other devices reduces accident rates and vehicle speeds, sometimes significantly. 
Significant results were found specifically with speed humps and raised crossings, although non-
significant decreases were also found with speed bumps and cushions. The topic has been 
investigated in a relatively wide range of countries and looking at a number of different road user 
types, but has not considered other condition types (e.g. transport modes).This may restrict the 
transferability potential of the results, however, even considering this limitation, speed humps 
appear to be an effective safety measure. 
 
1.2 BACKGROUND 
 
1.2.1 How are speed humps defined? 
 
In this synopsis, speed humps has been used as a general term for any vertical speed deflection 
devices that aim to reduce the speed of motor vehicle traffic, particularly in urban and residential 
areas. It includes road-wide measures such as speed humps, speed bumps (narrower and steeper 
than humps) and speed tables (flatter and wider than humps); along with speed cushions (allow 
larger vehicles and cyclists to pass in between the cushions). It also includes raised crossings, which 
have a dual function of slowing down traffic and allowing pedestrians a safer place to cross. 
 
1.2.2 How can the installation of speed humps affect road safety? 
 
The installation of speed humps and other similar vertical deflection devices can affect safety in a 
positive way by encouraging motor vehicle drivers to slow so as to not damage their vehicles. 
Slower speeds inherently lead to safer roads as drivers can control their vehicles better at slower  
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speeds and avoid possible collisions. Also in the event of a collision, slower speeds would 
reduce the likelihood of serious injuries occurring, particularly for pedestrians and cyclists. 
 
1.2.3 Which safety outcomes are affected by the installation of speed humps? 
 
The two main ways safety outcomes are affected by the installation of speed humps are injury 
accident rates and vehicle speeds. In addition, some literature also considered road user behaviour 
(e.g. braking distances) and conflicts as potential safety outcomes which could be affected by 
speed hump installation, but the results in this synopsis have focussed on accidents and speed as 
the two safety outcomes affected by speed hump installation. 
 
1.2.4 How is the effect of the installation of speed humps studied?   
The effect of installation of speed humps is generally studied alongside other speed calming 
measures, such as chicanes (Agerholm, 2016), safety islands and speed cameras (Jateikiene et al., 
2016) and often the study focussed on pedestrian crossing areas, with either the speed hump being 
part of the crossing (i.e. a raised crossing, e.g. Jateikiene et al., 2016), on approach to the crossing 
(Krudryavtsev et al., 2012) or both (Gitelman et al., 2016). Either accident rates or vehicle speeds are 
used in a before-after study to investigate whether speeds/ rates are reduced once the speed hump 
has been introduced at a site. The data is then examined using absolute differences before and after 
installation, but sometimes statistical analysis on the data is also carried out to find out whether any 
differences found were statistically significant. The analysis was undertaken using negative binomial 
and ‘zero-inflated negative binomial’ regressions ((Krudryavtsev et al., 2012) and ANOVA and Post-
hoc (Turkey HSD) tests (Gitelman et al., 2016). The data from the meta-analysis in this study were 
from the United Kingdom, USA and the Netherlands. The five remaining studies considered in this 
synopsis were from Russia, Lithuania, Denmark, Israel and Poland. 
 
1.3 OVERVIEW OF RESULTS 
 
Overall, the results showed that the installation of speed humps and similar devices do reduce 
accident rates and vehicle speeds. In particular, as shown in some of the studies, the humps were 
part of a raised crosswalk (non-signalised) or on approach to a crossing/crosswalk, which means that 
the reduced speeds could be a particular safety benefit to pedestrians crossing the road. The results 
of the meta-analysis specifically showed a significant reduction in accidents as a whole when speed 
humps were installed, but not when pedestrian and cyclist crashes were investigated separately, 
although a non-significant reduction was still seen. Even when the results were not statistically 
significant, all the results showed a reduction in accident rates and vehicle speeds. 
 
1.4 NOTES OF ANALYSIS METHODS 
 
Most studies used large sample sizes for investigation. For the speed analysis studies, the data 
samples ranged from 100 recorded speeds per condition/site (Agerholm et al., 2015) to up to 90,000 
speeds recorded for one condition (Olszewski et al., 2016). For the accident analysis studies, sample 
sizes ranged from 10-63 accidents per site/condition (Jateikiene et al., 2016) to samples in the 1000’s 
(Krudryavstev et al., 2012). However, only three studies used statistical analysis on the results. 
 
The topic of “installation of speed humps” has been fairly well studied as a measure, but many 
studies were excluded because they were not before/after studies. When the topic was analysed, it 
was often alongside other safety measures (e.g. chicanes, traffic signals…) and sometimes without 
any statistical analysis being carried out on the results (3 of the 6 studies). The topic has been 
investigated in a relatively wide range of countries and looking at a number of different road user 
types (e.g. pedestrians, cyclists), but has not considered other condition types (e.g. rural/urban 
settings, transport modes etc.), which may limit the transferability potential of the results. 
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2 Scientific Overview 
 
 
 
 
 
 
2.1 LITERATURE REVIEW 
 
2.1.1 DESCRIPTION OF AVAILABLE STUDIES 
 
Six studies were identified for inclusion in the synopsis for the measure “installation of speed 
humps”. In the six studies, a variety of vertical speed deflection devices were investigated. Three 
studies looked at speed humps specifically, one study investigated speed cushions, one study 
investigated a variety of the devices (including humps and raised crossings) and the final study 
looked at raised crossings and humps together.  
 
One study was a meta-analysis, bringing together the results of four similar studies on speed 
humps. The meta-analysis, along with two other studies analysed accident data before and after the 
speed humps or similar devices were installed. The remaining three studies investigated changes in 
vehicle speeds before and after installation. 
 
Within the accident analysis studies, pedestrian and cyclist crashes were investigated alongside 
crashes with all vehicle types, and all three studies looked at injury only accidents, with one 
specifically looking at fatal and serious injury crashes. 
 
Each study was from a different country (Meta-analysis - UK, USA & Netherlands; plus 
Russia, Lithuania, Denmark, Israel, Poland) and samples ranged from the 10’s into the 1000’s. 
 
Studies investigated the effects of installing speed humps and similar devices through mainly 
before-after accident and speed studies (or quasi-experimental with some before-after study 
characteristics) based on a number of sites where speed humps or similar had been installed.  
Results were generally provided as absolute differences in mean speeds or accident rates and 
where statistical analysis was undertaken, negative binomial regression, ANOVA and Post-hoc 
(Turkey HSD) tests were used. 
 
Table 1 shows the overview of these coded studies. 
 
Table 1: Descriptions of coded studies on installation of speed humps 
 
Author, 
  
Sample, method/design 
  
Reference 
  
Additional 
 
 
        
 
 Year,   and analysis   group   information on  
 
 Country         analysis   
           
 
            
 
            
 
 Høye,  Meta-analysis (random effects), Percentage change in  Percentage of  Percentage change in 
 
 A.,2015, UK,  which included before-after and case injury accidents before and  accidents before  accident was investigated for 
 
 USA,  control studies (4 studies total), with after installation of speed  the installation of  all accidents, pedestrian 
 
 Netherlands  all studies included having been humps  speed humps  accidents and cyclist 
 
    controlled for regression to the mean      accidents 
 
         
 
 Kudryavtsev  Quasi-experimental study with some Average percentage  Accidents on non-  Pedestrian-motor vehicle 
 
 et al., 2012,  before/after study characteristics, change in monthly rates of  signalised  accidents only 
 
 Russia  sample of 30 non-signalised pedestrian-motor vehicle  crosswalks before    
 
    crosswalks where speed humps were accidents per one unit  speed humps have    
 
    installed between 2005-2010, with a change in pedestrian safety  been installed    
 
            
 
 
Safety Cube |Synopsis on >Speed Management & Enforcement >installation of speed humps> | WP5 
 Author, 
  
Sample, method/design 
  
Reference 
  
Additional 
 
 
        
 
 Year,   and analysis   group   information on  
 
 Country         analysis   
           
 
            
 
            
 
    total of 2363 pedestrian-motor measures (i.e. installation       
 
    vehicle accidents occurring during of speed humps)       
 
    that time        
 
         
 
 Jateikiene et  Quasi-experimental study with some Changes in the number of  Accidents at sites  Vertical speed deflection 
 
 al., 2016,  before/after study characteristics, fatal and injury accidents  before vertical  device types investigated: 
 
 Lithuania  sample of 53 sites where vertical before and after  traffic calming  “Speed humps of trapeze 
 
    traffic calming measures were installation of the vertical  devices were  shape“ 
 
    installed prior to 2011 (169 accidents speed deflection devices  installed  “Raised pedestrian 
 
    recorded in total). were analysed in the study.     crossings“ 
 
          “Speed bumps“ 
 
          “Speed humps at the 
 
          junctions“ 
 
          
 
 Agerholm et  Before-after study, with speed Difference in mean speed  Speeds recorded    
 
 al., 2015,  measurements from 3216 trips on a of vehicles after the  before the speed    
 
 Denmark  1400m stretch of road (2605 trips implementation of speed  humps were    
 
    before the 3 speed humps were humps within a distance of  installed    
 
    installed (Dec 2012-July 2013) and 75m & 125m       
 
   611 after they were installed (Dec        
 
    2013 – Mar 2014)).        
 
         
 
 Gitelman et  Before-after study, with speed Differences in mean speeds  Speeds and  Pedestrian-motor vehicle 
 
 al., 2016,  measurements recorded from 8 sites (km/h) and numbers of  pedestrian-vehicle  conflicts only 
 
 Israel  (100 at each site in each direction) pedestrian-vehicle conflicts  conflicts recorded    
 
    where raised crosswalks with before and 2 months after  before the raised    
 
    preceding speed humps were the raised crosswalks and  crosswalk and    
 
    installed preceding speed humps  preceding speed    
 
     were installed  humps were    
 
       installed    
 
          
 
 Olszewski et  Quasi-experimental study with some Differences in mean speeds  Mean speeds    
 
 al., 2016,  before/after study characteristics, (km/h) up to 12 days before  recorded before    
 
 Poland  with speed measurements taken at and 11 days after the  the speed cushions    
 
    one site on both lane 1 and 2, before speed cushions were  were installed    
 
    and after speed cushions were installed (resulting in       
 
    installed on approach to a pedestrian 1000’s of speed       
 
    crossing. measurements both before       
 
     and after installation)       
 
           
 
2.1.2   STUDY RESULTS        
  
 
Overall, the results across all six studies, including the meta-analysis, showed that the installation of 
speed humps or similar devices resulted in reduced accident rates and vehicle speeds. Where 
statistical analysis was carried out, statistically significant results were found when accidents 
involving all road user types were included (i.e. when including all road user types, accident rates 
reduced when speed humps were installed) and when only pedestrian-vehicle accidents were 
considered. Speeds were found to be significantly lower when raised crosswalks were installed 
along with preceding speed humps. 
 
Høye (2015) undertook a meta-analysis of four studies investigating the safety effects of installing 
speed humps and found a significant decrease in the percentage of all accidents when speed humps 
were installed (17%), but although a decrease was also found when looking specifically at pedestrian 
accidents and cyclist accidents (1% and 16% respectively), it was found not to be statistically 
significant. 
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Kudryavstev et al. (2012) investigated the effect of the installation of speed humps on accident 
rates at non-signalised crossings and found a significant decrease in the rate of pedestrian-vehicle 
injury accident rates near the crosswalk (2.7% average monthly reduction), when the pedestrian is 
presumed at fault. When the driver is presumed at fault in accidents involving pedestrians on the 
crosswalk, a decrease in accidents was also seen, but it was not statistically significant. 
 
Jateikiene et al. (2016) looked at a number of vertical speed deflection devices, including speed 
humps, humps at junctions, raised pedestrian crossings and speed bumps and their effect on 
accident rates when installed. While some large accident rate reductions were seen (29-100%), as 
no statistical tests were undertaken in this part of the study, it cannot be verified whether these 
reductions are statistically significant.  
 
The effect on mean vehicle speeds when speed humps were installed was investigated by Agerholm 
et al. (2015). Although no statistical analysis was carried out, reductions in mean speeds were 
recorded at both 75m and 125m from the speed humps. 
 
When investigating the effects of installing raised pedestrian crosswalks combined with preceding 
speed humps, Gitelman et al. (2016) found mean speeds were significantly reduced after 
installation at all eight sites where speed measurements were recorded, with speeds being reduced 
by between 10-28%. 
 
Olszewski et al. (2016) investigated the effect of installing speed cushions at one site (in 2 lanes) on 
vehicle speeds. Over a number of months, many 1000’s of vehicle speeds were recorded before 
and after installation and speed reductions of 8.5 to 12.2% were found across the two lanes. 
However, statistical analysis on this data was not undertaken and therefore it is not known 
whether these reductions were statistically significant. 
 
Table 5 in the supporting document presents an overview of the information on the main 
outcome of coded studies on the installation of speed humps. 
 
2.1.3 META ANALYSIS OF DATA FOR INSTALLATION OF SPEED HUMPS 
 
Table 2 outlines the main results of the existing meta-analysis of the four speed humps 
studies undertaken by Høye (2015). 
 
Table 2 Random effects meta-analysis for speed hump effects on percentage accident occurrence 
(Høye, 2015) 
 
    Statistically 
 Variable Estimate 95% CI significant? 
 Speed humps    
 (all accidents) -17% (-25%, -8%) Y 
 Speed humps    
 (pedestrian    
 accidents) 1% (-19%, 26%) N 
 Speed humps    
 (cyclist    
 accidents) 16% (-17%, 62%) N 
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 2.2 DESCRIPTION OF ANALYSIS CARRIED OUT 
 
In addition to the existing meta-analysis and due to variance between individual reported effects in 
the papers and differences in the types of vertical deflection devices investigated in the study, it 
was decided the best way to evaluate the remaining five papers would be through a vote count. The 
overall results of the meta-analysis would also be included in this vote count. 
 
Table 3 shows the results of the vote count analysis for the five studies and additional meta-
analysis. Care was taken to ensure that data was not counted twice from the same study. For 
example, for the meta-analysis, only the overall (‘all accidents’) results were included and not the 
results for the pedestrian and cyclist accidents, as this data would already be included in the ‘all 
accidents’ results. The table shows that 50% of the studies (n=3) conclude overall reduced risk (and 
therefore increased safety) when safety humps and similar devices were installed, whereas no 
significant outcome was concluded for the other 50% (n=3), although from the results it can be seen 
that there was a decrease in accidents/vehicle speed in all three of these studies but that the results 
were not statistically significant  
 
Table 3: Vote count result of comparing “installation of speed hump” studies in terms of 
accident rate and vehicle speed  
 
Outcome 
  
Tested in 
  
Result (no. of 
  
Result (% of 
  
Result (no. 
  
Result (% of 
 
 
            
 
 definition   no. of   studies)    studies)   of effects)   effects)  
 
    studies                     
      
↑ - ↓ 
 
↑ - ↓ 
 
↑ - ↓ 
 
↑ - ↓ 
 
          
 
                     
                        
 
 Accident rate 3  - 1 2  - 33% 67% - 5 2  - 71% 29% 
 
                  
 
 Vehicle speed 3  - 2 1  - 67% 33% - 4 8  - 33% 67% 
 
                  
 
 Total 6  - 3 3  - 50% 50% - 9 10  - 47% 53% 
 
                        
 
 
When analysing the number of effects, the results indicate that 53% (n=10) of the reported effects 
led to a significant decrease in accident rate, with none showing a significant increase. The table 
also appears to show that vehicle speeds are affected more positively by the introduction of speed 
humps and similar devices than accident rates. This result is mainly an effect of one study which 
undertook a before-after study at eight separate sites and analysed the results at these eight sites 
separately, which all came back significant for reducing speeds at each site. 
 
By displaying the results using the outcome of accident rate and vehicle speed, it is not possible to 
see whether specific vertical speed deflection devices are linked to a greater or reduced road 
accident rate and/or vehicle speeds. Therefore, Table 4 shows the vote count results for the various 
vertical speed deflection devices looked at in the selected studies. 
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Table 4: Vote count result of comparing studies in terms of the vertical speed deflection device 
investigated in the studies  
  
Vertical 
   
Included in 
   
Result 
    
Result (% of 
    
Result 
    
Result (% of 
   
 
                      
 
  speed    number of    (number of    studies)     (number of     effects)    
 
  deflection    studies    studies)           effects)          
 
  type                                
         
↑ - ↓ 
  
↑ - ↓ 
  
↑ - ↓ 
  
↑ - ↓ 
 
 
                 
 
                              
                                 
 
  Speed humps* 4  - 2 2  - 50% 50%  - 4 11  - 27% 73%   
 
                      
 
  Speed cushions 1  - 1 -  - 100% -  - 2 -  - 100% -   
 
                      
 
  Speed bumps 1  - 1 -  - 100% -  - 1 -  - 100% -   
 
                              
 
  Raised 2  
- 1 1 
 
- 50% 50% 
 
- 1 8 
 
- 11% 89% 
  
 
  crossings**                                          
 
 
* Speed humps – includes ‘speed humps’, ‘speed humps at non-signalised crossings’, speed humps 
of trapeze shape’, ‘speed humps at the junctions’ and ‘raised pedestrian crosswalks combined with 
preceding speed humps’  
** Raised crossings – includes ‘raised pedestrian crossings’ and ‘raised pedestrian crosswalks 
combined with preceding speed humps’ 
 
The results in Table 4 show that only significantly positive results were found for studies which 
investigated the installation of speed humps and raised crossings, so it appears that installing speed 
humps and raised crossings can help to reduce vehicle speeds and accident occurrence, but it is not 
so clear for speed bumps and speed cushions. 
 
2.3  CONCLUSION 
 
Overall, it was found that the installation of speed humps and similar devices do not appear to 
affect safety in a negative way, and in the majority of studies, they lead to reduced accident rates 
and vehicle speeds, although the differences are not always statistically significantly. 
 
The significant results were found to be in studies where speed humps and raised crossings were 
the vertical speed deflection devices being investigated. Although reductions in accident rates and 
vehicle speeds were found in the studies investigating speed bumps and speed cushions, it was not 
known whether the results were significant, as the studies investigating these devices did not 
undertake statistical analysis on the results. 
 
Overall, these results would generally be expected as the main aim of a vertical speed deflection 
device is to reduce the speed of the vehicle travelling over it. A direct influence of this would be 
reduced accidents, particularly serious accidents, and there is plenty of existing evidence which 
highlights this, particularly in urban areas (e.g. Taylor et al., 2000). 
 
Many of these studies, however, only consider absolute differences in vehicle speeds and accident 
numbers, and do not make it clear how much other external factors that may also result in a 
reduction in speed/accidents have been taken into account.Other factors to be considered could 
include the weather, time of da etc.. 
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3 Supporting Documents 
 
 
 
 
 
 
3.1 DESCRIPTION OF THE STUDIES IDENTIFIED FOR INCLUSION IN SYNOPSIS 
 
In total, six studies were identified as being the most relevant for this synopsis on installation of 
speed humps and other similar devices. 
 
Høye (2015) undertook a literature review and meta-analysis of the effect on accidents of installing 
speed humps. All included studies controlled for regression to the mean and installing speed humps 
reduced the total number of accidents by 17%. The results from single studies varied greatly, so 
generalizing the result was found to be problematic. No effect was found for pedestrian accidents. 
The result for bicycle accidents indicate increased risk, but this was not statistically significant.  
 
The study by Kudryavtsev et al. (2012) attempted to explain the reduction of pedestrian-motor 
vehicle accidents in Arkhangelsk, Russia during the period 2005-2010. Using a retrospective 
ecological design (quasi-experimental) the authors utilized data from pedestrian-motor vehicle 
crashes, traffic violations and total number of vehicles along with changes in legislation and 
infrastructure. With regard to speed humps the paper looks at pedestrian crossings which are "black 
spotted" and had three or more traffic crashes during a year. Using negative binomial regression the 
authors found an inverse association with the implementation of speed humps. More specifically for 
accidents where pedestrians were at fault for the accident, the estimate of average rates at crossing 
with speed humps dropped by 2.7 while for accidents were the drivers were at fault, the rates 
dropped by 0.4. Hence, it can be concluded that the installation of speed humps was associated with 
a negative effect on road safety. 
 
Jateikiene et al. (2016) investigated the effect of vertical traffic calming measures (i.e. speed bumps, 
speed humps and raised crosswalks), safety islands and speed cameras on the safety of Lithuanian 
roads. More specifically the authors analysed fatal and injury accident data on the national road 
network of Lithuania. The considered types of speed humps are speed humps of trapeze shape, 
raised pedestrian crossings, speed bumps and speed humps at junctions. The absolute numbers of 
fatal and injury accidents were compared before and after the installation of the speed measures 
and the relevant percent changes were reported as effects. In all the effects a decrease in the 
percent was obvious after the installation of speed humps. It should be noted here, however, that no 
statistical test was used and the reported results are the absolute percent of the fatal and injury 
accidents before and after the installation of speed humps. 
 
Agerholm et al. (2015) discusses the effects of chicanes and speed humps on drivers' speed when 
they travel on urban roads in minor towns in Denmark. The study design is a naive before-after study. 
More specifically a minor distributor road in Skorping was chosen as the study location and the data 
used in the study were obtained through floating car data of position and speed. As the authors aim 
was to detect speeding behaviour, this was considered as an outcome variable. Mean speed and 
standard deviation of speed were considered as effects as these are reported in the paper. Regarding 
mean speed this was documented at two spatial thresholds; within 75m from the speed calming 
measure and within 125m from the measure. The standard deviation was logged for all locations. 
Finally, the highest registered speed was also documented and was included in the effects. For all the 
effects a reduction was observed after the installation of the speed humps. However, because no 
specific statistics were given the effect on traffic safety was coded as not significant because of the 
lack of in-depth statistical details. 
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 In Gitelman (2016), the author discusses the behavioural changes that followed the installation of 
two types of raised pedestrian crosswalks in eight sites in Israel. The two types of speed humps are: 
a 15cm high trapezoidal hump combined with 8-10cm high circular humps and a 10-12cm high 
trapezoidal hump combined with 6-8cm high circular humps. The behaviours studied included the 
vehicle travel speeds while approaching a crosswalk, the number of vehicles which yield to 
pedestrians, the conflict occurrences between pedestrians and vehicles in the crosswalk area, the 
number of pedestrians crossing in the designated area and the accordance to safe crossing rules by 
pedestrians before a crossing. For every site along with the before period (i.e. before the installation 
of speed humps) two temporal periods were taken into account (i.e. shortly after the installation (1-
2 weeks after) and (2 months after)). Eight sites were used for the study, each containing two 
pedestrian crosswalk on different travel directions. For each of the site all the above mentioned 
behaviours were quantified and detailed results were described for site1. Due to the large number of 
variables included (8 sites x 2 directions x 9 behavioural variables) it was decided to only look at the 
summary tables (i.e. Tables 5 & 6) which include the results for all the sites and specifically code the 
speed reduction changes and the percent change of traffic conflicts between pedestrians and 
vehicles as these were considered to be more important for pedestrian safety. All the coded results 
considered the comparison between the before period and the period two months after the 
installation of speed humps. The results for the outcome variables (mean speed and speed 
distribution & %-change of conflicts) after the installation of the exposure variable (installation of 
speed humps) showed that at the majority of the sites pedestrian safety increased regarding the 
reduction of the speed of vehicles. On the other hand, at most sites the difference in the number of 
conflicts before and after was not significant.  
 
The study by Olszewki et al. (2016) investigated pedestrian-vehicle safety measures through the use 
of video cameras to extract vehicle and pedestrian trajectories. They developed surrogate safety 
indicators for pedestrian-vehicle encounters and proposed classification techniques based on the 
characteristics of those encounters. Regarding speed humps the authors looked at how the speed 
measurement was affected at a pedestrian crossing where speed cushions were installed. The 
measured outcome was the mean and standard deviation of vehicle speeds at the crossing and 
these were coded. They also investigated the mean volume of vehicles but the coder chose not to 
code it because the speed measurement was the effect that the authors identified. It was found that 
the mean and standard deviation of speed were lower where speed cushions were installed, thus 
pedestrian-vehicle safety was increased. However, the authors did not distinguish between vehicles 
which encountered pedestrians and did not investigate the fact that the volume of vehicles might 
influence the speed of vehicles. 
 
Table 5 illustrates an overview of the main features and outcomes of the six the coded studies. 
 
Table 5: Main outcomes of coded studies on installation of speed humps 
 
Author, 
              
 
               
 
 Year,   Exposure   Outcome variable /   
Effects 
  
Main outcome -description 
 
 
 Country   variable 
  
Outcome type 
     
 
             
 
                
 
                
 
 Høye,  Installation of  Percent change in all  ↘ 17% reduction  Significant decrease in percentage of 
 
 A.,2015, UK,  speed humps  accidents, from random   95% CI  accidents when speed humps were installed 
 
 USA,     effects meta-analysis        
 
 Netherlands               
              
 
 (meta-     Percent change in - 1% reduction  There is a decrease in risk of pedestrian  
 
analysis) 
     
 
     pedestrian accidents, from   95% CI  accidents when speed humps were  
          
 
       random effects meta-      installed, but it is not statistically 
 
       analysis      significant. 
 
                
 
 
Safety Cube |Synopsis on >Speed Management & Enforcement >installation of speed humps> | WP5 
 Author, 
              
 
               
 
 Year,   Exposure   Outcome variable /   
Effects 
  
Main outcome -description 
 
 
 
Country 
  
variable 
  
Outcome type 
     
 
             
 
                
 
                
 
       Percent change in cyclist - 16% reduction  There is a decrease in risk of cyclist 
 
       accidents, from random   95% CI  accidents when speed humps were 
 
       effects meta-analysis      installed, but it is not statistically 
 
              significant. 
 
           
 
 Kudryavtsev  Installation of  Pedestrian-vehicle injury  ↘ 2.7% average  Significant decrease in risk of pedestrian- 
 
 et al., 2012,  speed humps  accident rate in accidents   monthly  vehicle injury accidents where pedestrian is 
 
 Russia  at non-  near the crosswalk where   reduction  at fault when speed humps were installed 
 
    signalised  pedestrian is presumed at   p=<0.05, 95% CI    
 
    crossings  fault        
 
            
 
       Pedestrian-vehicle injury - 0.4% average  There is a decrease in risk of pedestrian- 
 
       accident rate in accidents on   monthly  vehicle injury accidents where the driver is 
 
       the crosswalk where driver is   reduction  at fault when speed humps were installed, 
 
       presumed at fault   p=<0.05, 95% CI  but it is not statistically significant. 
 
          
 
 Jateikiene et  Speed humps  Percent change in number of - 36% reduction  There was a decrease in percentage of fatal 
 
 al., 2016,  of trapeze  fatal and injury accidents      & injury accidents, but as no statistical 
 
 Lithuania  shape         analysis was undertaken, it was not 
 
              significant. 
 
            
 
       Percent change in number of - 100% reduction  There was a decrease in the percentage of 
 
       people killed      fatalities, but as no statistical analysis was 
 
              undertaken, it was not significant. 
 
            
 
       Percent change in number of - 45% reduction  There was a decrease in the percentage of 
 
       people injured      seriously injured casualties, but as no 
 
              statistical analysis was undertaken, it was 
 
              not significant. 
 
           
 
    Raised  Percent change in number of - 65% reduction  There was a decrease in percentage of fatal 
 
    pedestrian  fatal and injury accidents      & injury accidents, but as no statistical 
 
    crossings         analysis was undertaken, it was not 
 
              significant. 
 
            
 
       Percent change in number of - 83% reduction  There was a decrease in the percentage of 
 
       people killed      fatalities, but as no statistical analysis was 
 
              undertaken, it was not significant. 
 
            
 
       Percent change in number of - 68% reduction  There was a decrease in the percentage of 
 
       people injured      seriously injured casualties, but as no 
 
              statistical analysis was undertaken, it was 
 
              not significant. 
 
           
 
    Speed bumps  Percent change in number of - 73% reduction  There was a decrease in percentage of fatal 
 
       fatal and injury accidents      & injury accidents, but as no statistical 
 
              analysis was undertaken, it was not 
 
              significant. 
 
            
 
       Percent change in number of - 73% reduction  There was a decrease in the percentage of 
 
       people killed      fatalities, but as no statistical analysis was 
 
              undertaken, it was not significant. 
 
            
 
       Percent change in number of - 77% reduction  There was a decrease in the percentage of 
 
       people injured      seriously injured casualties, but as no 
 
              statistical analysis was undertaken, it was 
 
              not significant. 
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 Author, 
              
 
               
 
 Year,   Exposure   Outcome variable /   
Effects 
  
Main outcome -description 
 
 
 
Country 
  
variable 
  
Outcome type 
     
 
             
 
                
 
                
 
    Speed humps  Percent change in number of - 44% reduction  There was a decrease in percentage of fatal 
 
    at the  fatal and injury accidents      & injury accidents, but as no statistical 
 
    junctions         analysis was undertaken, it was not 
 
              significant. 
 
            
 
       Percent change in number of - 75% reduction  There was a decrease in the percentage of 
 
       people killed      fatalities, but as no statistical analysis was 
 
              undertaken, it was not significant. 
 
            
 
       Percent change in number of - 29% reduction  There was a decrease in the percentage of 
 
       people injured      seriously injured casualties, but as no 
 
              statistical analysis was undertaken, it was 
 
              not significant. 
 
          
 
 Agerholm et  Speed hump  Difference in mean speed of - Mean speed  There was a decrease in the mean speed of 
 
 al., 2015,     vehicles after the   reduction of  vehicles after the implementation of speed 
 
 Denmark     implementation of speed   4.4km/h  humps, but as no statistical analysis was 
 
       humps within a distance of      undertaken, it was not significant. 
 
       125m        
 
            
 
       Difference in mean speed of - Mean speed  There was a decrease in the mean speed of 
 
       vehicles after the   reduction of  vehicles after the implementation of speed 
 
       implementation of speed   5km/h  humps, but as no statistical analysis was 
 
       humps within a distance of      undertaken, it was not significant. 
 
       75m        
 
           
 
 Gitelman et  Raised  Difference in mean speed of  ↘ Mean speed  Significant decrease in the mean speed of 
 
 al., 2016,  pedestrian  vehicles at site 1 (average   reduction of  vehicles after the raised crosswalk with 
 
 Israel  crosswalks  over both directions)   22.5%   preceding speed humps were installed 
 
    combined      p=<0.05, 95% CI    
 
    with            
              
 
    preceding  Difference in mean speed of  ↘ Mean speed  Significant decrease in the mean speed of  
    
speed humps 
   
 
     vehicles at site 2 (average   reduction of  vehicles after the raised crosswalk with  
          
 
       over both directions)   20.5%   preceding speed humps were installed 
 
           p=<0.05, 95% CI    
 
             
 
       Difference in mean speed of  ↘ Mean speed  Significant decrease in the mean speed of 
 
       vehicles at site 3 (average   reduction of  vehicles after the raised crosswalk with 
 
       over both directions)   28.5%   preceding speed humps were installed 
 
           p=<0.05, 95% CI    
 
             
 
       Difference in mean speed of  ↘ Mean speed  Significant decrease in the mean speed of 
 
       vehicles at site 4 (average   reduction of  vehicles after the raised crosswalk with 
 
       over both directions)   22.5%   preceding speed humps were installed 
 
           p=<0.05, 95% CI    
 
             
 
       Difference in mean speed of  ↘ Mean speed  Significant decrease in the mean speed of 
 
       vehicles at site 5 (average   reduction of 11%  vehicles after the raised crosswalk with 
 
       over both directions)   p=<0.05, 95% CI  preceding speed humps were installed 
 
             
 
       Difference in mean speed of  ↘ Mean speed  Significant decrease in the mean speed of 
 
       vehicles at site 6 (average   reduction of  vehicles after the raised crosswalk with 
 
       over both directions)   10.5%   preceding speed humps were installed 
 
           p=<0.05, 95% CI    
 
             
 
       Difference in mean speed of  ↘ Mean speed  Significant decrease in the mean speed of 
 
       vehicles at site 7 (average   reduction of 15%  vehicles after the raised crosswalk with 
 
       over both directions)   p=<0.05, 95% CI  preceding speed humps were installed 
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Author, 
                   
 
                     
 
 Year,   Exposure   Outcome variable /   
Effects 
  
Main outcome -description 
  
 
  
Country 
   
variable 
   
Outcome type 
        
 
                   
 
                 
 
                      
 
       Difference in mean speed of  ↘ Mean speed  Significant decrease in the mean speed of  
 
          vehicles at site 8 (average    reduction of   vehicles after the raised crosswalk with  
 
          over both directions)    23.5%    preceding speed humps were installed  
 
               p=<0.05, 95% CI      
 
               
 
 Olszewski et  Speed  Difference in mean speed of - Mean speed  There was a decrease in the mean speed of  
 
  al., 2016,   cushions   vehicles in Lane 1    reduction of   vehicles after the implementation of speed  
 
  Poland            12.2%    cushions, but as no statistical analysis was  
 
                   undertaken, it was not significant.  
 
                 
 
       Difference in mean speed of - Mean speed  There was a decrease in the mean speed of  
 
          vehicles in Lane 2    reduction of 8.5%   vehicles after the implementation of speed  
 
                   cushions, but as no statistical analysis was  
 
                   undertaken, it was not significant.  
 
 
↗ = Significantly greater accident rates/vehicle speeds when speed humps or similar vertical deflection  devices are installed.  
↘ = Significantly less risk of accident rates/vehicle speeds when speed humps or similar vertical deflection devices are installed.  
- = Differences in accident rates/vehicle speeds may have been found, but not statistically significant or not 
known (i.e. statistical analysis not carried out).  
 
3.2 METHODOLOGY 
 
This section describes the search terms, screening and eligibility selection processes that were 
used to identify relevant papers for investigating the safety effectiveness of speed humps and 
similar devices. 
 
3.2.1 Literature Search Strategy 
 
A systematic literature search was conducted in January 2017. It was carried out in two databases 
with broadly similar search strategies. The databases ‘Scopus’ and ‘TRID’ were used to identify 
papers that examined the effectiveness of installing speed humps and similar devices in 
improving road safety. 
 
Detailed search terms, as well as their linkage with logical operators and combined queries are 
shown in Tables 6 and 7. 
 
Table 6: Scopus search terms and results   
Database: Scopus Date: 17 Jan 2017 
search no. search terms / operators / combined queries  hits 
    
#1 “speed hump*” OR “speed bump*” OR “speed ramp*” OR “speed cushion*” OR  849 
 “speed table” OR “speed tables” OR “speed breaker*” OR “road hump*” OR “road   
 bump*” OR “road ramp*” OR “road cushion*” OR “sleeping policeman” OR “raised  
 crossing*”   
    
#2 “safe*” OR “countermeasure*” OR “crash*” OR “accident*” OR “incident*” OR  7647928 
 “collision*” OR “risk*” OR “impact*” OR “severity”   
    
#3 #1 and #2  323 
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 Table 7: TRID search terms and results    
 
Database: TRID Date: 17 Jan 2017 
 
      
 
search no.  search terms / operators / combined queries  hits  
 
      
 
#1  “speed hump*” OR “speed bump*” OR “speed ramp*” OR “speed cushion*” OR  
629 
 
 
  “speed table”         
 
      
 
#2  “speed tables” OR “speed breaker*” OR “road hump*”  542  
 
      
 
#3  “road bump*”  13  
 
      
 
#4  “road ramp*”  26  
 
      
 
#5  “road cushion*”  1  
 
      
 
#6  “sleeping policeman”  242  
 
      
 
#7  “raised crossing*”  2  
 
      
 
#8  #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7  697  
 
      
 
#9  “safe*” OR “countermeasure*” OR “crash*” OR “accident*” OR “incident*” OR  
15000 
 
 
  “collision*” OR “risk*” OR “impact*” OR “severity”         
 
      
 
#8 AND #9    31  
 
      
  
 
A number of limitations and exclusions were applied on the 354 papers initially found using the 
search terms listed in Tables 6 and 7, which were as follows:  
• Search field: TITLE-ABS-KEY  
• published: year > 1990  
• Document Type: “All”  
• Source Type “Journals” or “Conference Proceedings”  
• Subject area: “Engineering”, “Social Sciences”, “Psychology”, “Undefined” or “Multi-
disciplinary”  
• Language: “English” 
 
Table 8 shows the number of remaining papers after the limitations and exclusions were applied. 
Table 8: Papers still remaining after applying limitations/exclusions 
Database Hits 
  
Scopus 184 
  
TRID 31 
  
Total number of studies to screen title/ abstract 215 
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6.1.2 Results of literature search, screening and prioritizing 
 
As shown in Table 9, the titles and abstracts of the 215 papers remaining after the initial searches 
and exclusions were screened for their relevance to the countermeasure ‘installation of speed 
humps’. From this screening, 48 were found to still have possible relevance to this factor.  
 
Table 9: Screening process of the 215 studies identified from the initial literature search 
 
 
Total number of studies to screen title/ abstract 
  
215 
 
 
    
 
      
 
 -De-duplication  1 from Scopus & 
 
    2 from TRID 
 
    
 
 -Not relevant studies excluded  150 from Scopus 
 
    & 14 from TRID 
 
    
 
 -Studies with no risk estimates excluded 0  
 
    
 
 Studies not clearly relevant to the topic (full-text screening later) 0  
 
    
 
 Remaining studies 48  
 
    
 
 Studies to obtain full-texts 48  
 
      
  
 
A search for all of the full-texts of these 48 studies was undertaken so that the whole paper could 
be screened to determine their eligibility for analysing the countermeasure “installation of speed 
humps”. 
 
Table 10 shows the number of papers which were eligible for analysing the safety effectiveness of 
speed humps and similar devices. In addition to the 48 studies identified from the literature search 
for full-text screening, a further 1 was added which was a meta-analysis first published in the most 
recent version of The Handbook of Road Safety Measures (Elvik, 2009) and updated to include more 
recent papers (Høye, 2015). As the full-text of 10 studies could not be obtained, a total of 38 papers 
had their full-text screened for eligibility for analysing the safety effectiveness of speed humps and 
similar devices. Apart from the updated meta-analysis from Høye (2015), no other meta-analyses 
were found in the remaining studies. 
 
Table 10: Eligibility of papers selected for full-text screening 
Total number of studies to screen full-text 48 
  
Full-text could be obtained 38 
  
Additional relevant studies identified from reference lists/other sources 1 
  
Exclude: included in meta-analysis 2 
  
Exclude: not relevant 27 
  
Total number of eligible papers 10 
  
 
As can be seen from Table 10, ten of the papers obtained for full-text screening were found to be 
relevant for analysing the safety effectiveness of speed humps and similar devices. 
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 Prioritisation 
 
Once ten of the full-text papers had been evaluated as eligible, they were assessed as to their 
suitability to be included in this synopsis based on the following prioritisation criteria:  
• Prioritizing Step A: Meta-analysis;  
• Prioritizing Step B: studies dedicated on this countermeasure over studies with 
multiple measures;  
• Prioritizing Step C: journal papers first;  
• Prioritizing Step D: studies published more recently  
• Prioritizing Step E: studies from Europe  
 
Using the prioritisation criteria, six papers were identified as the most suitable for coding and 
therefore inclusion in this synopsis, which included the meta-analysis. 
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Synopsis 10: Implementation of 
Woonerfs 
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1 Summary 
Quigley, C, June 2017 
 
 
 
Colour Code – Grey 
The results from the available literature showed that in general, accident and speeding vehicle rates 
decreased when woonerfs were implemented, although some mixed results were seen specifically 
for shared space schemes. No statistical analysis was undertaken in any of the studies, so the 
significance of these results is not known. 
Keywords 
Woonerf, home zone, complete streets, shared space, streetscape, living streets, countermeasure, 
accident rate, speeding vehicle rate, pedestrians. 
 
1.1 ABSTRACT 
Woonerfs are a concept originated in the Netherlands and are areas which are designed to meet the 
needs of pedestrians and cyclists and encourage slow speeds from motorised vehicles, making it a 
safe and pleasant place to be. They are also known as Home Zones, Complete Streets and can also 
include shared space. The effects of implementing woonerfs and similar schemes were investigated 
by analysing the results of five before-after studies to identify whether the introduction of these 
schemes affect accident rates and speeding vehicle rates. The results found that Home Zones and 
Complete Streets did overall lead to reduced accident and speeding vehicle rates after 
implementation, but the results for the shared space schemes were more mixed, with some 
increases in accident rates being seen at specific sites, as well as reductions at other sites, which 
implies that shared space is not always successful in reducing accident rates in all locations. 
However, no statistical analysis was undertaken in any of the studies, so it is not known whether 
these results are significant. This topic has only been studied across a limited number of conditions 
and countries, so the transferability of the results will also be limited. 
 
1.2 BACKGROUND 
1.2.1 How are woonerfs defined? 
Woonerfs (translated as ‘residential area’ or ‘living yard’) are defined as areas, often residential, 
which are designed to meet the needs of pedestrians and cyclists. They are places that can be used 
as social spaces for people to meet, and where children can safely play. A woonerf is a place ‘to be’ 
rather than a place to ‘travel through’, and so motorised traffic should be restricted to walking pace 
to encourage this concept and improve safety. As it is not possible to enforce speed limits equivalent 
to walking pace, the legal limits are normally set at 20-30mph (32-48km/h), and slower speeds are 
encouraged through the design of the area, by making it feel unsafe for vehicles to travel above 
walking pace. The concept of woonerfs began in the Netherlands, but these schemes are now seen 
across the world, and are also known as Home Zones (UK), Living Streets (general) and complete 
streets (USA). Shared space is another term used, although this is more of an urban design approach 
which aims to minimise the segregation between motorised and non-motorised traffic in all types of 
urban areas. Shared space can also be incorporated into a Home Zone, woonerf or complete street. 
For the purpose of this synopsis, the literature search was undertaken using the search terms for all 
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the previously identified terms for a woonerf, with the aim of picking up as many studies from across 
the world as possible. 
  
1.2.2 How can the implementation of woonerfs affect road safety? 
Woonerfs can affect road safety in a positive way by encouraging motor vehicle drivers to slow, 
particularly when there are physical speed reducing measures in the area to help further encourage 
slower speeds. Slower speeds inherently lead to safer roads as drivers are able to control their 
vehicles better and avoid potential collisions.  It has been shown in research that at impact speeds 
under 30km/h, pedestrians are much more likely to survive compared with impact speeds around 
50km/h, when serious and fatal injuries are more likely (Taylor  et al., 2000; Rosen & Sander, 2009). 
However, the use of shared space can have the potential to increase accident risk if implemented 
without fully considering the needs of all road users (e.g. visually impaired pedestrians – see Holmes, 
2015) and considering the current function of the road (e.g. traffic flow, cyclist provision). 
 
1.2.3 Which safety outcomes are affected by the implementation of woonerfs? 
The two main safety outcomes affected by the implementation of woonerfs are accident rates and 
speeding1 vehicle rates. These are sometimes displayed as annual average rates before and after 
implementation of the woonerf or similar scheme. 
 
1.2.4 How is the effect of the implementation of woonerfs studied? 
The effect of the implementation of woonerfs and similar schemes is generally evaluated by 
studying a group of areas where woonerfs have been implemented and looking at the accident or 
speeding vehicle rates, for a set time prior to and after implementation, to determine whether 
accident or speeding vehicle rates have reduced since implementation. Most studies looked at a 
group of schemes across an area/city/country and all of the papers found were before-after studies, 
which investigate whether accident or speeding vehicle rates or speeds are reduced once the 
woonerfs have been introduced. The data is then examined using absolute differences or annual 
average rates before and after implementation. No statistical analysis was carried out in any of the 
five studies. The data came from the UK, Netherlands, Sweden, Germany, Denmark and the USA. 
 
1.3 OVERVIEW OF RESULTS 
Overall, the results across the five before-after studies showed that the implementation of woonerfs 
and similar schemes reduced accident rates and speeding vehicle numbers. When looking at the two 
studies which focussed on home zone/complete streets, all results showed a reduced rate. For the 
three studies where shared space was examined, results were more mixed, with some sites showing 
increases in accident rates after implementation, and others showing reductions. This implies that 
the concepts of home zones and complete streets have a stronger positive effect on safety than 
shared space. However, no statistical analysis was undertaken in any of the studies, so it is not 
known whether any of these results are significant. 
 
1.4 NOTES ON ANALYSIS METHODS 
In all five studies, no statistical analysis was undertaken, so it is not known whether any of the 
differences in the before-after results were significant. Since no statistical analysis was carried out 
on any of the studies, and because this topic was not studied across a wide range of countries (it was 
limited to a small number in Western Europe and also the USA) or studied across many conditions 
(apart from accident severity), the transferability potential of the results is limited. 
                                                                 
1 Vehicles travelling over the legal speed limit 
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2 Scientific Overview 
 
 
2.1 LITERATURE REVIEW  
2.1.1 DESCRIPTION OF AVAILABLE STUDIES 
 
Five studies were selected as appropriate for inclusion in the synopsis of the measure 
“Implementation of Woonerfs”. All five studies looked at locations where woonerfs or similar 
schemes (e.g. shared space, home zone, complete streets) were introduced in order to help reduce 
traffic speeds and improve safety, mainly for cyclists and pedestrians using these areas. 
 
Across the five studies, accident data and data on speeding vehicle numbers was analysed before 
and after the woonerfs and similar schemes had been implemented. 
 
In addition to looking at all accidents in four of the five studies, injury accidents were investigated in 
three studies. Specific groups of accidents were looked at in only a few of the studies (i.e. pedestrian 
accidents, cyclist accidents, motorcycle accidents and accidents split by injury severity). One study 
also used the number of speeding vehicles as a safety outcome.  
 
Three of the five studies included data from the UK. One study contained data from the USA and 
one contained data from the Netherlands. Two studies containing UK data also contained data from 
the Netherlands, Sweden, Denmark and Germany. Where the information was available, accident 
data was collected between three and eight years before implementation of the woonerf or similar 
schemes and two and five years after. Data was collected across the studies from 1993 to 2009.  
 
Results were either provided as absolute differences in annual accident rates and speeding vehicle 
numbers, or average accident rates per year. Statistical analysis was not undertaken in any of the 
studies.  
 
Table 1 shows the overview of these coded studies. 
 
Table 1: Descriptions of coded studies on implementation of woonerfs and similar schemes 
Author,  
Year, 
Country 
Sample, method/design  
and analysis 
 
Reference 
group 
Additional 
information on 
analysis 
Biddulph 
(2010), UK  
Before-after study, with collated 
accident data from across 12 Home 
Zones across England. Accident data is 
displayed as the annual average number 
of accidents at all 12 sites before the 
Home Zones were implemented 
compared with the total number of 
accidents after the Home zones were 
implemented, ranging between the 
years 1996 and 2009. 
Net change in the annual 
average number of 
accidents before and 
after implementation of 
the home zones 
Net annual 
average number 
of accidents 
before the 
implementation 
of the Home 
zones 
No statistical analysis was 
carried out on these results. 
 
The accident numbers at 
each site were relatively 
small (1 to 54 across 14 years) 
so it is unlikely statistical 
analysis would have 
produced significant results. 
Anderson  et 
al. (2015), 
USA 
Before-after study, with accident and 
speeding vehicle data from across 3 
complete streets projects implemented 
Changes in percentage 
of accidents (‘all’, ‘injury’ 
and ‘pedestrian’’) and 
Accidents/ 
speeding vehicle 
number before 
No statistical analysis was 
carried out on these results. 
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Author,  
Year, 
Country 
Sample, method/design  
and analysis 
 
Reference 
group 
Additional 
information on 
analysis 
in Seattle, USA. Exact years of data 
collection are not given, but the projects 
were implemented in 2007, so before 
and after data would have been 
collected either side of this data.  
speeding vehicles before 
and after 
implementation of 
complete streets 
projects 
 
 
implementation 
of completed 
streets projects 
Edquist & 
Corben 
(2012), UK, 
Netherlands, 
Sweden, 
Germany, 
Denmark 
Before-after study, with collated 
accident data from across 17 Shared 
Space sites across a number of 
European countries. Data was collected 
from the sites between the years 1993 
and 2009 (exact years varied between 
sites).  
Net change in the annual 
average number of 
accidents across the 17 
Shared Space sites 
before and after 
implementation of the 
Shared Space. 
Annual average 
accident 
numbers before 
implementation 
of the Shared 
Space sites 
No statistical analysis was 
carried out on these results. 
 
 
Euser, (2007), 
Netherlands 
Before-after study, with accident data 
from 1 location where shared-space was 
implemented in the Netherlands. Data 
was collected from the site before 
implementation (1994-2002) and after 
implementation (2004-2005). 
Change in the annual 
average number of 
accidents across the 
Shared Space site before 
and after 
implementation of the 
Shared Space. 
Annual average 
number of 
accidents before 
implementation 
of Shared Space 
at the site 
The following accident types 
were analysed: 
- All 
- Injury accidents 
- Fatal accidents 
- Serious accidents 
- Minor accidents 
- Damage only accidents 
 
No statistical analysis was 
carried out on these results. 
Quimby & 
Castle (2007), 
UK, 
Netherlands 
Before-after study, with accident data 
from across 14 sites across the UK and 
the Netherlands where Shared Space 
was implemented. Accident data 
collection varied between 3 to 7 years 
before and 28 months to 5 years after 
implementation (varied between sites). 
Changes in mean annual 
accident numbers (both 
absolute differences and 
percent changes) before 
and after 
implementation of the 
Shared Spaces. 
Annual mean 
accident before 
implementation 
of the Shared 
Spaces 
No statistical analysis was 
carried out on these results. 
 
2.1.2  STUDY RESULTS 
 
The results across all five studies showed that overall, the implementation of woonerfs and similar 
schemes reduced accident rates and speeding vehicle numbers. When looking at the two studies 
which focussed more on home zone/complete streets, all results found a reduced rate. When 
looking at the three studies which investigated shared space, results were more mixed, with some 
increases in accident rates being seen at some sites. However, no statistical analysis was undertaken 
in any of the studies, so it is not known whether any of these results are significant.  
 
Biddulph (2010) undertook a before-after study of annual average accident data from twelve Home 
Zones across England. Across the twelve sites, a net annual average reduction of 3.41 accidents was 
found after implementation of the home zones compared with before. As no statistical analysis was 
undertaken, it is not known whether any of these results are significant.  
 
Anderson  et al. (2015) was a before-after study of three complete streets projects in the USA and 
found reductions in accident rates (injury and pedestrian accidents as well as ‘all’) after the complete 
streets had been implemented, as well as reductions in speeding vehicle numbers across all three 
sites. No statistical analysis was carried out on these results, so it is not known whether the 
reductions in accident rates and speeding vehicle rates are significant.  
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The study by Edquist & Corben (2012) looked at a number of shared space schemes across Europe, 
and the results from 17 sites were collated to determine the net change in the annual average 
number of accidents across these sites. It was found that the net annual average number of 
accidents decreased by 0.49 after the shared spaces were implemented, compared with before. 
However, when looking at the sites separately, 6 of the 17 sites actually had an increase in the 
annual average number of accidents after implementation. Statistical analysis was not undertaken, 
so it is not known whether these results were significant. 
 
Euser (2007) undertook a study at one site in the Netherlands where shared-space-type 
characteristics were implemented to improve traffic flow and safety, and to improve the overall 
‘spatial quality’ of the site. The annual average number of crashes before and after implementation 
were compared to see whether the implementation of the shared space affected crash rates. 
Overall, annual crash rates decreased after shared space implementation, as did specific accident 
severities (e.g. all injury accidents, fatal, minor and damage only)2. The largest reduction in annual 
average crash numbers was for damage-only accidents. However, as no statistical analysis was 
undertaken, it is not known whether these reductions were significant. 
 
The study by Quimby & Castle (2007) looked at shared space schemes across the Netherlands and 
the UK and for this synopsis, it was possible to code before-after accident data from nine sites. 
Reductions in annual average accident rates were found for four of the nine sites after the shared 
spaces were implemented compared with before, but increases were found at five sites. Mixed result 
were also found when comparing before and after data for pedestrian and cyclist crashes, with one 
site showing a decrease in pedestrian crashes of 68%, and another showing an increase in annual 
average crash rate by 60% (from 10 to 16) (for cyclists, the rates were 46% decrease and 100% 
increase respectively).  
 
At all of the sites investigated across the four studies, the accident numbers were relatively low, so it 
is likely that if any statistical analysis had been carried out, the reduced accident rates seen after 
implementing the woonerfs would not have been significant. 
 
Table 3 in the supporting document presents an overview of the information on the main outcome 
of coded studies relating to the implementation of woonerfs. 
 
2.1.3 DESCRIPTION OF ANALYSIS CARRIED OUT 
As the studies found for this topic did not contain enough detail to carry out a meta-analysis, it was 
decided that it would be more appropriate to carry out a vote count analysis on the overall results of 
the five studies.   
 
Table 2 shows the results of the vote count analysis for the five studies included in this synopsis. 
Care was also taken to ensure that data was not counted twice from the same study. For example, in 
each study, if overall (‘all accidents’ or equivalent) results were included, then sub-groups of 
accidents (e.g. pedestrian crashes) were not included, as this data would already be included in the 
‘all accidents’ results.  
 
The table shows that none of the studies demonstrate significant overall reduced risk when 
woonerfs and similar schemes were implemented, in terms of both accident rate and speeding 
vehicle rate. This was because no statistical analysis was undertaken in any of the 5 studies, so the 
significance of any of the results is not known. 
 
                                                                 
2 No serious accidents occurred before or after implementation. 
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Table 2: Vote count result of comparing “Implementation of Woonerfs” studies in terms of accident 
rate and speeding vehicle rates 
Outcome 
definition 
Tested in 
no. of 
studies 
Result (no. of 
studies) 
Result (% of 
studies) 
Result (no. 
of effects) 
Result (% of 
effects) 
↑ - ↓ ↑ - ↓ ↑ - ↓ ↑ - ↓ 
Accident rate 5 - 5 - - 100% - - 25 - - 100% - 
Speeding 
vehicles rate 
1 - 1 - - 100% - - 3 - - 100% - 
Total 5 - 5 - - 100% - - 28 - - 100% - 
 
If a similar table was to be created to show the results regardless of whether they were statistically 
significant or not, it would show that in four of the five studies, there were reduced accident rates 
after the woonerf or similar schemes were implemented, and in one study, the results varied across 
the sites studied (i.e. some show reduced rates and some increased rates). 
 
One study also looked at speeding vehicle rates before and after implementation and found that the 
number of speeding vehicles decreased after implementation (by 11%, 75% and 90% across 3 sites).  
 
When the safety effects of different types of schemes are looked at separately (i.e. Home 
zones/complete streets and shared space), the results imply that reduced accident rates occur more 
often and the reductions are larger when Home Zones/Complete Streets are implemented (Biddulph 
and Anderson  et al.) than when shared space is implemented (Edquist & Corben, Euser and Quimby 
& Castle).  
 
2.2  CONCLUSION 
 
As no included studies undertook statistical analysis, this limits what can be concluded about the 
safety effects of woonerfs and similar schemes. However, what the results do suggest is that 
woonerfs are more likely to result in reduced overall accident rates once implemented.  
 
However, when looking at the three shared space studies separately from the two home 
zones/complete streets studies, it can be seen that shared space more often led to increased 
accident rates at specific sites than the home zone/complete street sites. Also, in Biddulph (2010), 
mixed result were also found when comparing before and after data for pedestrian and cyclist 
crashes, with one site showing a decrease in pedestrian crashes of 68% and another showing an 
increase in annual average crash rate by 60% (from 10 to 16) (for cyclists, the rates were 46% 
decrease and 100% increase respectively).  
 
Although it is not known whether these results were statistically significant, this implies that shared 
space does not always lead to improved safety, particularly for pedestrians and cyclists, and only 
appears to work as an effective safety measure in some locations (i.e. London city centre), but not 
others. However, Home Zones and complete streets, which are most similar in nature to woonerfs, 
appear to have a stronger positive effect on safety, although statistical significance is unknown.  
 
Due to the lack of known statistical significance, and because this topic was not studied across many 
countries (apart from in Western Europe and the USA), or studied across many conditions (apart 
from accident severity), the transferability potential of the results is considerably limited. 
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3 Supporting Documents 
 
 
3.1 DESCRIPTION OF THE STUDIES IDENTIFIED FOR INCLUSION IN SYNOPSIS 
In total, five studies were identified as being the most relevant for this synopsis on implementation 
of woonerfs.  
 
Biddulph (2010) looked at 14 Home Zone schemes implemented in residential areas across England. 
For 12 of them, accident data before and after implementation was available, although accident and 
injury severity of these accidents was not specified. Accident data was collected between the years 
1996 and 2009, which covers the years before and after the Home Zones were installed, although the 
specific before/after years are different for each of the 12 schemes depending on which year the 
Home Zone was implemented (not specified in the report). The results showed that across the 12 
sites, the net change in the annual average accident rate was a reduction by 3.41. However, when 
looking at the 12 sites separately, only 6 had a reduced annual average accident rate, whereas 4 had 
a very slight increase (0.02-0.55), with 2 sites having no change. No statistical analysis was 
undertaken in this study, but it is likely that if it was, no results would have been significant, as the 
accident numbers collected at each site were relatively small (ranging from 1 accident to 54 
accidents across 14 years). 
 
Anderson  et al. (2015) was a study of 37 Complete Streets projects and looked at how they 
performed in terms of safety, traffic and economic measures before and after the projects were 
installed. Complete streets are defined as streets for everyone. They are designed and operated to 
enable safe access for all users, including pedestrians, bicyclists, motorists and transit riders of all 
ages and abilities. Complete Streets make it easy to cross the street, walk to shops, and bicycle to 
work. About 70% of the projects were found to have a reduction in collisions and 56% a reduction in 
injuries. The results coded from this study are from only three of the projects (all in Seattle, USA) as 
this is the only one to have specific numbers for percentage changes in accidents and speed 
before/after the complete street project was implemented. Where specific numbers are not able to 
be derived, the percentage changes in accidents for all of the other projects are summarised in a 
chart. Before/after data was collated from the three sites in Seattle, USA, including speeding vehicle 
numbers, total number of collisions, total number of injury collisions and pedestrian collisions. All 
results are given in the form of percentage change after the complete streets project was 
implemented. All the results showed a reduction in crashes and speeding vehicle numbers at all 
three sites. However, no statistical analysis was undertaken to determine whether these reductions 
were significant . 
 
The study by Edquist & Corben (2012) gives an overview of a number of shared spaces implemented 
between the years 1996 and 2008 (19 in total) across a number of European countries, but mainly 
the UK and the Netherlands. It looks at injury crash data before and after the shared space was 
implemented at each site separately. Due to the shared space being implemented in different years 
for different sites, the before/after years are also different at each site. 17 of the sites had before 
and after injury crash data which was analysed here. Data was collected between the years 1993 and 
2009, although the specific before/after years are different for each of the 17 schemes depending on 
which year the Home Zone was implemented. No statistical test was used and the reported results 
are the absolute change in annual average accident numbers before and after the implementation of 
the 17 Shared Space schemes with before/after accident data. Although the annual average number 
of injury accidents reduced after implementation when merging the data from all 17 sites (-0.49%), 
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six of the 17 sites actually had an increase in the annual average number of injury accidents after 
implementation. 
 
Euser (2007) was a before-after study on a single site in the Netherlands called the 'Laweiplein'. It 
investigated the effects of installing shared-space type characteristics on the junction, which involved 
removing most road markings, signs and cycle lanes so that there was no formal segregation 
between road user types. Traffic volumes and composition, pedestrian and cyclist movement 
patterns, opinion surveys plus accident data was collected at/about this site. Accident data was 
collected from before installation between the years 1994-2002 and after installation, between the 
years 2004-2005. As well as overall accident numbers, the changes in accidents of varying injury 
severity was also investigated. Only absolute accident numbers were presented, but from this, 
annual average accident numbers were calculated to identify the changes before and after 
installation. The results found that the annual average accident numbers did reduce after 
installation, overall from 7.55 to 1 accident per year. The majority of this effect was due to a 
reduction in damage-only and minor injury accidents. No statistical analysis was undertaken in this 
study, so it is not known whether the reduction in annual average accidents is significant. 
 
Quimby & Castle (2007) is a review of 'Simplified Streetscape Schemes', and identifies papers where 
data is available on existing shared space schemes, in particular how the installation of the schemes 
has impacted safety. In this review, data was found from nine sites in the Netherlands before and 
after the introduction of streetscape schemes (i.e. shared space), 1 site in London, UK and a further 4 
sites from across other towns in the UK which were possible to code. The data from the 9 sites in the 
Netherlands was collected from between 1993 and 1999 for the before installation period and 1998 
and 2001 for the after period, with the range differing slightly between sites. Reductions in annual 
average accident rates were found for four of the nine sites, but increases were found in five sites. 
The maximum decrease in annual average accidents was 4.4 and the maximum increase was 4.1. The 
one site in London, UK, had a much larger number of accidents, due to it being a busy city centre 
street, and data was taken from 3 years before implementation and 28 months after. Reductions in 
average annual number of accidents were found when all accidents were considered (48.6% 
reduction) and also when pedestrian, bicycle and motorcycle accidents were considered separately 
(reductions of 68% for pedestrian accidents, 29% for bicycle involvement and 46% for motorcycle 
involvement). The data from the other four sites in the UK (outside of London) showed that 2 sites 
had slight increases in average annual numbers of accidents (0.2 and 0.6) and two sites had slight 
decreases (-0.2 and -0.4), with data being collected for these sites five years before and five years 
after installation. A small amount of information regarding pedestrian and cyclist involvement in 
these crashes was made available in the results. However, due to the low numbers of accidents, this 
data wasn't coded separately, but overall it showed that, across these four sites, net pedestrian crash 
numbers increased from 10 to 16 and cyclist crashes increased from 0 to 1. Overall, there appear to 
be mixed results regarding the safety implications of the shared spaces included in this review. This 
implies that the success of the installation of the shared spaces depends greatly on how it is 
implemented and how it is designed, and there appears to be a fine line between when shared space 
helps to reduce accidents and when it leads to more accidents. 
 
 Table 3 illustrates an overview of the main features and outcomes of the five coded studies. 
 
 
 
 Safety Cube | Synopsis on Speed Management & Enforcement - Woonerf implementation | WP5 
 
Table 3: Main outcomes of coded studies on implementation of woonerfs 
Author, 
Year, 
Country 
Exposure 
variable 
Outcome variable / 
Outcome type  
Effects Main outcome -description 
Biddulph 
(2010), UK 
Implementation 
of home zones 
Change in the net annual 
average number of accidents 
across 12 home zone sites 
- Reduction of 
3.41 
 
Reduction in the net annual number of 
accidents across the 12 home zone sites when 
the home zone was implemented - statistical 
significance unknown 
Anderson  et 
al. (2015), 
USA 
Implementation 
of complete 
streets 
Percentage change in the 
number of all accidents on 
Stone Way (site 1) 
- 14% 
reduction 
(159 to 137) 
Decrease in the number of all accidents on 
Stone Way when the ‘complete street’ was 
implemented. Statistical significant unknown. 
Percentage change in the 
number of injury accidents on 
Stone Way (site 1) 
- 33% 
reduction 
(52 to 35) 
Decrease in the number of injury accidents on 
Stone Way when the ‘complete street’ was 
implemented. Statistical significant unknown. 
Percentage change in the 
number of pedestrian 
accidents on Stone Way (site 1) 
- 80% 
reduction (5 
to 1) 
Decrease in the number of pedestrian 
accidents on Stone Way when the ‘complete 
street’ was implemented. Statistical 
significant unknown. 
Percentage change in the 
number of vehicles per day 
speeding3 on Stone Way (site 
1) 
- 75% 
reduction 
(150 to 75) 
Decrease in the number of vehicles per day 
speeding on Stone Way when the ‘complete 
street’ was implemented. Statistical 
significant unknown. 
Percentage change in the 
number of speeding vehicles 
on Nickerson Street (site 2) 
- 90% 
reduction 
Decrease in the number of speeding vehicles 
on Nickerson Street when the ‘complete 
street’ was implemented. Statistical 
significance unknown. 
Percentage change in the 
annual average number of 
crashes on Nickerson Street 
(site 2) 
- 23% 
reduction 
(33.6 to 26) 
Decrease in the annual average number of 
crashes on Nickerson Street when the 
‘complete street’ was implemented. 
Statistical significance unknown. 
Percentage change in the 
number of speeding vehicles 
on NE125th Street (site 3) 
- 11% 
reduction 
Decrease in the number of speeding vehicles 
on NE125th Street when the ‘complete street’ 
was implemented. Statistical significance 
unknown. 
Percentage change in the 
number of crashes per million 
vehicles on NE125th Street 
(site 3) 
- 10% 
reduction 
(5.83 to 5.24) 
Decrease in the number of crashes per million 
vehicles on NE125th Street when the 
‘complete street’ was implemented. 
Statistical significance unknown. 
Percentage change in the 
number of injury crashes per 
million vehicles on NE125th 
Street (site 3) 
- 17% 
reduction 
(2.41 to 1.99) 
Decrease in the number of injury crashes per 
million vehicles on NE125th Street when the 
‘complete street’ was implemented. 
Statistical significance unknown. 
Edquist & 
Corben 
(2012), UK, 
Netherlands, 
Sweden, 
Germany, 
Denmark 
Implementation 
of shared space 
Net change in in the annual 
average number of injury 
crashes across the 17 shared 
space sites 
- 0.49 
reduction 
Decrease in the annual average number of 
injury crashes across the 17 shared space sites 
after the shared spaces were implemented. 
Statistical significance unknown. 
                                                                 
3 >10mph above 30mph speed limit 
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Author, 
Year, 
Country 
Exposure 
variable 
Outcome variable / 
Outcome type  
Effects Main outcome -description 
Euser, (2007), 
Netherlands 
Implementation 
of shared space 
Change in the annual average 
number of crashes 
- 6.55 
reduction 
(7.55 to 1) 
Decrease in the annual average number of 
crashes. Statistical significance unknown. 
Change in the annual average 
number of injury crashes 
- 1.39 
reduction 
(1.89 to 0.5) 
Decrease in the annual average number of 
injury crashes. Statistical significance 
unknown. 
Change in the annual average 
number of fatal crashes 
- 0.44 
reduction 
(0.44 to 0) 
Decrease in the annual average number of 
fatal crashes. Statistical significance 
unknown. 
Change in the annual average 
number of serious crashes 
- No change 
(0) 
No change in the annual average number of 
serious crashes. Statistical significance 
unknown. 
Change in the annual average 
number of minor crashes 
- 1.44 
reduction 
(1.44 to 0) 
Decrease in the annual average number of 
minor crashes. Statistical significance 
unknown. 
Change in the annual average 
number of damage-only 
crashes 
- 5.94 
reduction 
(6.44 to 0.5) 
Decrease in the annual average number of 
damage-only crashes. Statistical significance 
unknown. 
Quimby & 
Castle (2007), 
UK, 
Netherlands 
Implementation 
of shared space 
 
Change in the annual average 
number of crashes at 
Oosterwolde (de Brink/Rode 
Plein) 
- 1.4 increase 
(1.6 to 3) 
Increase in the annual average number of 
crashes at Oosterwolde (de Brink/Rode Plein). 
Statistical significance unknown. 
Change in the annual average 
number of crashes at 
Oosterwolde (Makkinga) 
- 0.75 increase 
(0.5 to 1.25) 
Increase in the annual average number of 
crashes at Oosterwolde (Makkinga). 
Statistical significance unknown. 
Change in the annual average 
number of crashes at Drachten 
(Kaden-Torenstraat) 
- 3.0 reduction 
(5 to 2) 
Decrease in the annual average number of 
crashes at Drachten (Kaden-Torenstraat). 
Statistical significance unknown. 
Change in the annual average 
number of crashes at Drachten 
(Kaden-Dwassva) 
- 4.14 increase 
(2.86 to 7) 
 
Increase in the annual average number of 
crashes at Drachten (Kaden-Dwassva). 
Statistical significance unknown. 
Change in the annual average 
number of crashes at Drachten 
(Torrenstraat-Vogelzang) 
- 1.57 increase 
(1.43 to 3) 
 
Increase in the annual average number of 
crashes at Drachten (Torrenstraat-
Vogelzang). Statistical significance unknown. 
Change in the annual average 
number of crashes at Opeinde 
- 4.4 reduction 
(6.4 to 2) 
Decrease in the annual average number of 
crashes at Opeinde. Statistical significance 
unknown. 
Change in the annual average 
number of crashes at 
Donkerbroek 
- 0.6 increase 
(2.4 to 3) 
 
Increase in the annual average number of 
crashes at Donkerbroek. Statistical 
significance unknown. 
Change in the annual average 
number of crashes at 
Olderberkoop 
- 0.33 
reduction 
(2.83 to 2.5) 
Decrease in the annual average number of 
crashes at Olderberkoop. Statistical 
significance unknown. 
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Author, 
Year, 
Country 
Exposure 
variable 
Outcome variable / 
Outcome type  
Effects Main outcome -description 
Change in the annual average 
number of crashes at Wolvega 
- 0.25 
reduction 
(1.25 to 1) 
Decrease in the annual average number of 
crashes at Wolvega. Statistical significance 
unknown. 
Percentage change in the 
annual average number of 
crashes at Kensington High 
Street 
- 48.6% 
reduction 
(65.7 to 33.8) 
Decrease in the annual average number of 
crashes at Kensington High Street. Statistical 
significance unknown. 
Percentage change in the 
annual average number of 
pedestrian crashes at 
Kensington High Street 
- 68.4% 
reduction 
(26.3 to 8.3) 
Decrease in the annual average number of 
pedestrian crashes at Kensington High Street. 
Statistical significance unknown. 
Percentage change in the 
annual average number of 
bicycle crashes at Kensington 
High Street 
- 29.1% 
reduction 
(11.7 to 8.3) 
Decrease in the annual average number of 
bicycle crashes at Kensington High Street. 
Statistical significance unknown. 
Percentage change in the 
annual average number of 
motorcycle crashes at 
Kensington High Street 
- 45.8% 
reduction 
(15.3 to 8.3) 
Decrease in the annual average number of 
motorcycle crashes at Kensington High 
Street. Statistical significance unknown. 
Change in the annual average 
number of crashes at 
Shrewsbury site 
- 0.2 increase 
(2.6 to 2.8) 
 
Increase in the annual average number of 
crashes at Shrewsbury site. Statistical 
significance unknown. 
Change in the annual average 
number of crashes at Halifax 
site 
- 0.6 increase 
(1.4 to 2) 
 
Increase in the annual average number of 
crashes at Halifax site. Statistical significance 
unknown. 
Change in the annual average 
number of crashes at Bury St. 
Edmunds Hatter Street site 
- 0.2 reduction 
(0.8 to 0.6) 
 
Decrease in the annual average number of 
crashes at Bury St. Edmunds Hatter Street 
site. Statistical significance unknown. 
Change in the annual average 
number of crashes at Bury St. 
Edmunds Crown Street site 
- 0.4 reduction 
(0.8 to 0.4) 
 
Decrease in the annual average number of 
crashes at Bury St. Edmunds Crown Street 
site. Statistical significance unknown. 
↗ = Significantly greater accident rates/speeding vehicle rates when woonerfs are implemented. 
↘ = Significantly less accident rates/speeding vehicle rates when woonerfs are implemented. 
- = Differences in accident rates/speeding vehicle rates may have been found, but not statistically significant 
or not known (i.e. statistical analysis not carried out). 
 
3.2 METHODOLOGY 
This section describes the search terms, screening and eligibility selection processes that were used 
to identify relevant papers for investigating the safety effectiveness of implementing woonerfs. 
 
3.2.1 Literature Search Strategy 
A systematic literature search was conducted in March 2017. It was carried out in two databases with 
broadly similar search strategies. The databases ‘Scopus’ and ‘TRID’ were used to identify papers 
that examined the effectiveness of implementing woonerfs. 
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Detailed search terms, as well as their linkage with logical operators and combined queries are 
shown in Tables 4 and 5. 
 
Table 4: Scopus search terms and results 
Database: Scopus  Date: 2 Mar 2017 
search no. search terms / operators / combined queries hits 
#1 “woonerf*” OR “home zone*” OR “shared space*” OR “living street*” OR 
“complete street*” 
1149 
#2 “safe*” OR “countermeasure*” OR “crash*” OR “accident*” OR 
“incident*” OR “collision*” OR “risk*” OR “impact*” OR “severity”  
7,717,873 
#1 AND #2 All years 243 
 
Table 5: TRID search terms and results 
Database: TRID  Date: 10 Mar 2017 
search no. search terms / operators / combined 
queries 
hits 
#1 woonerf 31 
#2 “home zone” 81 
#3 “shared space” 764 
#4 “living street” 22 
#5 “complete street” 227 
#1 OR #2 OR #3 OR #4 OR #5 = 
#6 
 1082 
#7 safe 15002 
#8 countermeasure 3569 
#9 crash 15000 
#10 accident 15000 
#11 incident 7156 
#12 collision 15000 
#13 risk 15000 
#14 impact 15000 
#15 severity 10245 
#7 OR #8 OR #9 OR #10 OR #11 
OR #12 OR #13 OR #14 OR #15 = 
 70226 
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#16 
#6 AND #16 All years 244 
 
A number of limitations and exclusions were applied on the papers initially found using the search 
terms listed in Tables 4 and 5, which were as follows: 
• Search field: TITLE-ABS-KEY 
• published: year > 1990  
• Document Type: “All” 
• Source Type “Journals” or “Conference Proceedings” 
• Subject area: “Engineering”, “Social Sciences”, “Psychology” & “Undefined” 
• Language: “English” 
 
For TRID, these limitations and exclusions had to be applied as part of the initial search, so the 
numbers included in Table 5 are the numbers after the limitations/exclusions had been applied. 
 
Table 6 shows the number of remaining papers after the limitations and exclusions were applied for 
both databases. 
 
Table 6: Papers still remaining after applying limitations/exclusions 
Database Hits 
Scopus 126 
TRID 244 
Total number of studies to screen title/ abstract 370 
 
6.1.2 Results of literature search, screening and prioritizing 
As shown in Table 7, the titles and abstracts of the 370 papers remaining after the initial searches 
and exclusions were screened for their relevance to the countermeasure ‘implementation of 
woonerfs’. From this screening, 44 were found to still have possible relevance to this factor. 
 
Table7: Screening process of the 370 studies identified from the initial literature search 
Total number of studies to screen title/ abstract 370 
-De-duplication 0 
-Not relevant studies excluded 
109 from Scopus & 117 from 
TRID 
-Studies with no risk estimates excluded 0 
Studies not clearly relevant to the topic (full-text screening later) 0 
Remaining studies  17 from Scopus & 27 from TRID 
Studies to obtain full-texts  44 
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A search for all of the full-texts of these 44 studies was undertaken so that the whole paper could be 
screened to determine their eligibility for analysing the countermeasure “implementation of 
woonerfs”. 
 
Table 8 shows the number of papers which were eligible for analysing the safety effectiveness of 
implementing woonerfs. As the full-text of eight studies could not be obtained, a total of 35 papers 
had their full-text screened for eligibility for analysing the safety effectiveness of implementing 
woonerfs. An additional four papers were found in the references that were relevant to the topics, 
totalling the number of studies to screen full-text to 39. Thirty three of these 39 papers were found 
not to be relevant to the topic or not codable, leaving six papers eligible for coding for this topic. 
 
Table 8: Eligibility of papers selected for full-text screening 
Total number of studies to screen full-text 43 
Full-text could be obtained 35 
Additional relevant studies identified from reference lists/other sources 4 
Exclude: included in meta-analysis 0 
Exclude: not relevant or codable 33 
Total number of eligible papers 6 
 
 
Prioritisation 
After further reading of the studies, it was found that two papers were reporting the same study, so 
only five codable papers were found for this topic. It was decided that further prioritisation would 
not be needed as all five papers would be included in this synopsis.  
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1 Summary 
Quigley, C, June 2017 
 
 
 
Colour Code – Light green 
Accident rates are a direct indicator of safety but unfortunately, in the studies used for this synopsis 
this variable was not measured.  Instead, the results are based on speed, which is considered to be 
an indirect indicator.  Overall, vehicle speeds were shown to decrease and deceleration distances 
increased when narrowings were implemented. In some studies the results were statistically 
significant. One study showed conflicting results for the effect of speed on accident rates, which 
casts some doubt on the usefulness of speed being a good safety indicator for narrowings.  
However, as previous research has linked reduced speeds to reduced accident rates this finding in 
many of the studies has been viewed positively. 
 
Keywords 
Perceptual, physical, narrowing, narrow lane, kerb build-out, curb extension, pedestrian refuge, 
refuge island, vehicle speed, deceleration, distance, intersections, crossings, simulator, before-after. 
 
1.1 ABSTRACT 
Road narrowings are used to narrow roads, both perceptually and/or physically, with the aim of 
reducing vehicle speeds. Four studies were selected as appropriate for inclusion in the synopsis of 
the measure “implementation of narrowings”, including one before-after study and three simulator 
studies. Across the studies, differences in speed data (four studies) and deceleration distances 
(two studies) before and after the road narrowings were introduced were analysed statistically. The 
results across all four studies showed that implementing both perceptual and physical road 
narrowings reduced vehicle speeds and increased deceleration distances overall. Where available, 
statistically significant results were found for mean speeds, minimum speeds during deceleration 
and measured deceleration distances.  
 
This topic has been studied across a limited number of conditions and countries, so the 
transferability of the results is limited. As explained in Bella & Silvestri (2015), higher speeds could 
still lead to lower accidents rates, so speed may not be the best safety indicator for narrowings. 
However, as past research links lower speeds to lower accident rates, it is fair to assume that there 
are possible safety benefits to implementing narrowings. 
 
1.2 BACKGROUND 
1.2.1 How are narrowings defined? 
The main aim of road narrowings are to narrow the width of a road or lane, causing drivers to 
manoeuvre their vehicles more carefully and slowly past the narrowing. Narrowings can be either 
perceptual or physical. Perceptual narrowings are painted road markings or surfaces which give the 
impression that the road is narrowing although it physically isn’t.  They can be chevrons, ‘dragons 
teeth’, peripheral transverse bars or painted median islands. Physical narrowings are kerbs (or curbs) 
built-out or extensions which extend into the carriageway and make the road physically narrower, 
sometimes into single-traffic flow which will have priority in one direction. They can also be in the 
form of raised median islands for wider roads, which enables narrowing for lanes in both directions. 
Physical and perceptual narrowings can be used separately or together.  
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1.2.2 How can narrowings affect road safety? 
Road narrowings can affect road safety in a positive way by encouraging slower driving speeds and 
causing drivers to manoeuvre more cautiously whilst passing through the narrowings. As well as 
slowing traffic, they can also provide safer places for pedestrians to cross and can also help to reduce 
parking in the vicinity of the narrowing. However, one negative effect is when cyclists are travelling 
through narrowings.  Because of the reduced road width there is less space for vehicles to overtake 
cyclists, which may lead to some drivers travelling too close. 
 
1.2.3 Which safety outcomes are affected by narrowings? 
The two main safety outcomes affected by the introduction of road narrowings are vehicle speeds 
and deceleration distances. More specifically, it appears to be mean vehicle speeds, 85th percentile, 
minimum speeds during the deceleration period and deceleration rates which are affected. Studies 
often investigated the effect of the narrowing on drivers’ behaviour on approach to intersections or 
crossings. In terms of distances, it appears to be the distance from where the deceleration begins or 
the distance from where the minimum speed is reached to the crossing/intersection that is affected 
by the introduction of the narrowing. 
 
1.2.4 How is the effect of narrowings studied? 
The effect of the introduction of road narrowings is generally studied using either before-after 
studies or driver simulator studies. For a before-after study, vehicle speeds are recorded for a set 
time prior to and after introduction of the narrowing to see if they have reduced since 
implementation. For simulator studies, conditions where a narrowing was included were compared 
with a baseline condition which was identical apart from having no narrowings.  The effect on driver 
speeds and deceleration distances between the two conditions were analysed. ANOVA, MANOVA 
and t-tests were used for statistical analysis. 
 
1.3 OVERVIEW OF RESULTS 
Overall, the results across the four studies showed that the introduction of road narrowings, both 
perceptual and physical, reduces vehicle speeds and deceleration distances significantly. In three of 
the four studies where speed data was recorded, reductions in speeds were seen.  However, these 
findings were only statistically significant in one study where speeds were recorded up to 250m from 
the intersection for perceptual and physical narrowings. In one of the studies (Hadayeghi et al., 
2006), the results, although not statistically significant, showed decreases in speeds after one 
month, but showed increases in speeds after four months during peak evening conditions. This 
finding would have been of greater interest if it had been statistically significant. For the two studies 
where deceleration distances were investigated, both found positive safety effects (e.g. drivers were 
starting to decelerate further away from the crossing/intersection when narrowings were 
introduced).  Eighteen of the 30 effects studied led to decreased speeds and increased deceleration 
distances, whilst one effect study demonstrated an increase in speed. This increase was in the 
minimum speed recorded during deceleration. This anomaly was explained as being due to the 
narrowing creating greater visibility of the road ahead and therefore drivers did not feel the need to 
slow down as much. 
 
1.4 NOTES ON ANALYSIS METHODS 
For one of the simulator studies (Hsu & Chuang, 2016), the participants were all male, so the sample 
group is not representative of the whole population.  In such instances caution needs to be applied 
to the transferability of any significant findings.   Only one of the five reported results was found to 
be statistically significant and this was related to the deceleration distance. In terms of 
transferability, this topic does not appear to have been investigated across many different 
conditions in these studies, but has been studied across countries around the world (Canada, Italy, 
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Taiwan), but the presence of other factors (e.g. crossings, intersections) in the simulator studies 
make it less certain how much the safety effects are a result of the narrowings. 
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2 Scientific Overview 
 
 
2.1 LITERATURE REVIEW  
2.1.1 DESCRIPTION OF AVAILABLE STUDIES 
 
Four studies were selected as appropriate for inclusion in the synopsis of the measure 
“implementation of narrowings”, including one before-after study and three simulator studies. All 
four studies looked at sites/scenarios where road narrowings had been introduced, with the aim of 
trying to slow traffic down, sometimes before an intersection or crossing. The aim of this synopsis 
was to see whether introducing road narrowings helps to improve safety for road users, by reducing 
vehicle speeds and increasing deceleration distances on approach to crossings. Across the four 
studies, differences in speed data (four studies) and deceleration distances (two studies) before and 
after the road narrowings had been implemented were analysed. 
 
The types of road narrowings investigated included perceptual narrowings (i.e. painted-on to give 
the effect of a narrowing road, such as dragon’s teeth, transverse bars, painted median island, 
hatching) and physical narrowing (raised median island, curb extensions). 
 
For the three studies where speed data was analysed, speeds were recorded at different times of the 
day (AM/PM), at different times after the narrowing was implemented (one month, four months), at 
different distances from the narrowing or intersection (250m, 100m, 150m, 75m, 0m) and they were 
recorded as mean speeds, 85th percentile speeds, minimum speeds, initial speeds and deceleration 
rates.  
 
For the studies where deceleration distances were analysed, they were measured from the first 
point of slow down/deceleration to the crossing and from where the minimum speed was reached to 
the crossing.  
 
The data from the studies originated from Canada, Italy (two studies) and Taiwan. The specific data 
collection time periods for the single before-after study was recorded as being 24 hours before 
implementation and at one and four months after implementation. For the three simulator studies, 
42 participants (Bella & SIlvestri, 2015), 30 participants (Montella et al., 2011) and 28 participants 
(Hsu & Chuang, 2016 – all male) took part in the studies.   
 
Results were provided as absolute differences in speeds and/or distances and deceleration rates.  
Where statistical analysis was undertaken, t-tests, MANOVA and ANOVA tests were used.  
 
Table 1 shows the overview of these coded studies. 
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Table 1: Descriptions of coded studies on Narrowings 
Author,  
Year, 
Country 
Sample, method/design  
and analysis 
 
Reference 
group 
Additional 
information on 
analysis 
Hadayeghi 
et al. 
(2006), 
Canada 
Before-after study, with 85%ile 
speed data from 3 locations at 1 
stretch of road in Canada where 
road narrowings were 
implemented. Speed data from 6 
comparison sites on adjacent roads 
were also collected. Before data 
was collected up to 24 hours before 
implementation and after data was 
collected up to 1 month and 4 
months after implementation. 
Changes in mean 85%ile speeds 
before and after 
implementation of the road 
narrowings. 
 
T-tests were undertaken. 
Mean 85%ile 
speeds before 
the road 
narrowing 
was 
implemented. 
Changes in mean 85%ile speeds 
were analysed for the time 
intervals of AM (0600-0900), 
PM (1530-1830) and 24hr. 
 
Speed data was also collected 
at 6 comparison sites where no 
narrowings were implemented 
and a general comparison of 
these sites with the test sites is 
discussed. 
Montella et 
al. (2011), 
Italy 
Simulator study, with mean vehicle 
speed data from 30 participants 
across 4 design conditions (from 10 
in the study) where different types 
of road narrowings were introduced 
(peripheral transverse bars; dragon 
teeth markings; painted median 
island and raised median island) 
prior to an intersection and 
compared with a ‘baseline’ 
condition where no narrowings 
were present. 
Changes in mean vehicle 
speeds vehicles before and 
after introduction of road 
narrowings. 
 
ANOVA and chi-squared tests 
were undertaken. 
 
 
Mean vehicle 
speeds before 
introduction 
of road 
narrowings. 
Changes in mean vehicle 
speeds were recorded up to 
500m from the intersection at 
intervals and the results 
included in this analysis were 
for distances up to 250m (at 
500m, no results were found to 
be statistical significant so were 
not included). 
Bella & 
Silvestri 
(2015), Italy 
Simulator study, with speed and 
distance data from 42 participants 
across 1 design condition (from 4 in 
the study) where ‘curb extensions’ 
were introduced prior to a zebra 
crossing and compared with a 
‘baseline’ condition where curb 
extensions were not present. 
Changes in: 
- Initial speed at start of 
deceleration; 
- Minimum speed during 
deceleration; 
- distance from zebra crossing 
to where deceleration begins; 
- distance from zebra crossing 
to where minimum speed is 
reached; 
- average deceleration rates; 
before and after the curb 
extensions are introduced. 
 
MANOVA tests were 
undertaken. 
Distances and 
initial/ 
minimum 
speeds before 
introduction 
of curb 
extensions. 
 
 
 
Hsu & 
Chuang 
(2016), 
Taiwan 
Simulator study, with speed, and 
distance data from 28 participants 
across 1 design scenario (from 4 in 
the study) where ‘hatching lines’ 
were introduced 200m before a 
zebra crossing and compared with a 
‘baseline’ condition where hatching 
lines were not present. 
Changes in mean speeds, 
distances and deceleration 
rates before and after the 
hatching lines are introduced. 
 
ANOVA tests were undertaken. 
Mean speeds, 
distances and 
deceleration 
rates before 
introduction 
of hatching 
lines. 
The participants were all male, 
which makes the study group a 
non-representative sample. 
  
The authors state that there are 
possibly some issues with how 
real to life some of the 
simulations were, but some of 
the more 'unexpected' effects 
were not investigated further. It 
is also stated that the small 
number of participants made it 
difficult to investigate personal 
factors such as age and driving 
experience. 
 
2.1.2  STUDY RESULTS 
The overall results across all four studies showed that implementing road narrowings reduces 
vehicle speeds and increases deceleration distances. Where statistical analysis was carried out, 
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statistically significant results were found (i) for mean speeds at various distances from the 
intersection /crossing where the narrowing was implemented, (ii) for minimum speeds during 
deceleration and (iii) for measured deceleration distances. 
 
Hadayeghi et al. (2006) investigated the extent to which perceptual road narrowings improved road 
safety.  The before-after study took place on a residential street in Canada and measured speeds 
before and up to one and four months after introducing the narrowing, during peak AM and PM 
times as well as across the whole day. Reductions in vehicle speeds were found for most of the time 
intervals investigated, but none were found to be statistically significant. When comparing with 
similar sites where no narrowings had been installed, speeds were slightly lower than on the treated 
sites after one month, but very little difference was seen between the treated and non-treated sites 
after four months. 
 
Montella et al. (2011) conducted a simulator study which looked at four different types of narrowing 
(three perceptual and one physical) and their installation on the approach to an intersection where 
transverse rumble strips were also present (for all conditions, including the baseline condition). 
Results related to speed and speed differences were coded and it was found that for the four 
scenarios related to narrowings, significant reductions in vehicle speeds were detected and 
decelerations occurred up to 250m before the intersection. 
 
Bella and Silvestri (2015) reported a driving simulator study which investigated speed behaviour at 
pedestrian crossings. The use of ‘curb extensions’ showed a statistically significant positive effect on 
road safety as measured by the initial distance where vehicle deceleration began (i.e. the distance 
increased significantly) but significant negative effects were found for the minimum speed during 
deceleration (i.e. the minimum speed increased significantly). Similar trends in results were also 
found when pedestrians were added to the baseline and curb extension conditions, although the 
results were not statistically significant. 
 
A further driving simulator study was conducted Hsu and Chuang (2016), which investigated how 
traffic engineering designs affect vehicle speeds at intersections. One scenario investigated 
perceptual hatching lines implemented 200m before a zebra crossing. The results showed that the 
deceleration distance before the pedestrian crossing changed significantly after the implementation 
of the street narrowing, producing a positive effect on safety (i.e. longer distances to pedestrian 
crossing when deceleration begins). The other measurements were not statistically significant. 
 
Table 4 in the supporting document presents an overview of the information on the main outcome 
of coded studies on road narrowings. 
 
2.2 DESCRIPTION OF ANALYSIS CARRIED OUT 
Due to the variance between individual reported effects and differences in the types of implemented 
road narrowings investigated in the synopsis (i.e. perceptual and physical), it was decided that the 
best way to evaluate the four papers would be through a vote-count analysis.  
 
Table 2 shows the results of the vote-count analysis for the four studies included in this synopsis. 
Care was also taken to ensure that data was not counted twice from the same study. For example, in 
each study, if overall (‘all accidents’ or equivalent) results were included, then sub-groups of 
accidents (e.g. pedestrian crashes) were not included.  
 
The table shows that 75% of the studies (n=3) conclude overall reduced risk (and therefore increased 
safety) when road narrowings are introduced, but in a further study, increased risk was also seen. 
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Table 2: Vote-count result of comparing “Narrowings” studies in terms of vehicle speeds and 
deceleration distances. 
Outcome 
definition 
Tested 
in no. of 
studies 
Result (no. 
of studies) 
Result (% of 
studies) 
Result (no. 
of effects) 
Result (% of 
effects) 
↑ - ↓ ↑ - ↓ ↑ - ↓ ↑ - ↓ 
Vehicle speeds* 4 1 2 1 25% 50% 25% 1 10 16 4% 37% 59% 
Deceleration 
distances 
2 - - 2 - - 100% - 1 2 - 33% 67% 
Total 4** 1 1 3 25% 25% 75% 1 11 18 3% 37% 60% 
* Includes deceleration measurements 
** Two studies investigated both vehicle speeds and deceleration distances 
 
When analysing the number of effects, overall 60% (18) of the reported effects had a positive 
outcome on safety, with 3% having a negative effect.  For vehicle speeds, the results indicate that 
59% (n=16) of the reported effects led to a significant decrease in vehicle speeds and deceleration 
speeds. Significant increases in vehicle speeds were seen for one effect (4%).  
 
For deceleration distances, 67% (n=2) led to increased deceleration distances (i.e. drivers started to 
decelerate further away from the intersection/crossing), which is a positive safety effect. No safety 
effects were found to have a negative impact on safety. 
 
For 37% of the effects (10 vehicle speeds and 1 distance), the results were not statistically significant, 
but for seven of the eleven results, the results indicated a positive effect on safety, and the 
remaining four, a negative effect. 
 
A vote-count was also undertaken to compare the results where perceptual narrowings were 
investigated compared with physical narrowings and the results displayed in Table 3. 
 
Table 3: Vote-count result of comparing “Narrowings” studies in terms of perceptual and physical 
narrowings 
Outcome 
definition 
Tested in 
no. of 
studies 
Result (no. 
of studies) 
Result (% of 
studies) 
Result (no. of 
effects) 
Result (% of 
effects) 
↑ - ↓ ↑ - ↓ ↑ - ↓ ↑ - ↓ 
Perceptual 
narrowings 
3 - 1 2 - 33% 67% - 16 5 - 76% 24% 
Physical 
narrowings* 
2 1 - 2 33% - 67% 1 4 4 11% 44.5% 44.5% 
Total 4** 1 1 3 25% 25% 75% 1 20 9 3% 67% 30% 
*One study had more than one result type       **One study investigated both perceptual and physical narrowings 
 
When analysing the number of effects, it can be seen that there is a similar number of positive 
effects in terms of safety for perceptual narrowings as well as for physical narrowings. The only 
negative effect on safety was linked to a physical narrowing (involving curb extensions), although as 
previously mentioned, the author of the study (Bella & Silvestri, 2015) suggested this anomaly was a 
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result of the curb extension enabling drivers to see the crossing better and therefore they did not 
have to slow down as much to detect pedestrians. 
 
2.3  CONCLUSION 
 
Overall, it was found that the introduction of road or lane narrowings on approach to an intersection 
or a crossing led to reduced vehicle speeds up to 250m from the crossing/intersection. Reduced 
vehicle speeds are known to have a link with reduced accidents (Taylor et al, 2000), so the results 
appear to be a good indicator of safety but speed is an indirect outcome.  Unfortunately, accident 
rates (a direct safety outcome) were not collected in any of the studies. 
 
One increase in speed was found in the study by Bella & Silvestri (2015), in which the minimum 
speed recorded during the vehicle deceleration period was greater when the curb extensions were 
introduced compared with the baseline condition. One reason given for this result was that the 
visibility of the pedestrian crossing was improved by the presence of the curb extensions.  
Drivers could see whether there were pedestrians waiting or not and therefore did not necessarily 
have to slow down as much.  This finding demonstrates that speed may not be the strongest safety 
indicator for narrowings, because they can sometimes lead to a better view ahead (e.g. of 
pedestrians crossing) and so result in higher speeds, but still lower accident rates. 
 
For deceleration distances, two out of the three effects were found to have a significant positive 
impact on safety (i.e. deceleration starts at a further distance away from the crossing). For the 
remaining effect which had a non-significant result, deceleration distances were also greater when 
the curb extension was present. This implies that types of lane narrowings do have a positive safety 
impact on deceleration distances, but as the data is limited, it is not possible to state confidently 
that these results would be replicated in other studies.  Consideration was also given to perceptual 
narrowings compared with physical narrowings to see whether either is more likely to lead to better 
safety effects than the other. A similar number of positive safety effects were found for physical and 
perceptual narrowings, so the results suggest that all narrowing types have a similar effect on 
safety. 
 
In terms of transferability, this topic does not appear to have been investigated across many 
different conditions, but has been studied across countries around the world (Canada, Italy, Taiwan). 
Some information about the time of day was investigated, but no significant results were found.  In 
another study, mean speeds were significantly lower up to 150m prior to an intersection when 
narrowings were present, but studies did not take into account driver characteristics or other 
conditions in the real world study or the simulations. Also, the simulator studies investigated 
narrowings when implemented on approach to an intersection or crossing rather than looking at the 
narrowing alone, this may have had an impact on the results and limit the transferability of the 
findings to other conditions.  
 
Overall, these results are as expected. We would expect that introducing narrowings would lead to a 
reduction in speeds as vehicle drivers will travel more cautiously towards and through the 
narrowing. However, the presence of other factors, such as crossings, intersections and rumble 
strips in the simulator studies may affect the drivers’ reactions to the narrowings, so it is not certain 
how much the safety effects are specifically a result of the presence of narrowings alone. 
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3 Supporting Documents 
 
 
3.1 DESCRIPTION OF THE STUDIES IDENTIFIED FOR INCLUSION IN SYNOPSIS 
In total, four studies were identified as being the most relevant for this synopsis on the 
implementation of narrowings.  
 
Hadayeghi et al. (2006) investigated the extent to which road narrowings improved road safety on a 
residential street in Canada. The narrowing used was a ‘perceptual’ narrowing of coloured slurry seal 
traffic calming treatment. The study was designed as a before-after study and attempted to 
measure the effects of implementing the narrowings on the average 85th percentile speed and 
average volume respectively. These two effects were estimated for the treatment site as well as on 
comparison groups to identify what the changes in speed and volume would have been without the 
narrowings. Data is recorded from three locations at the treated site, and from six comparison sites 
on similar adjacent roads. However, only the speed results are reported in this study at the treated 
sites, but the results from the comparison sites are discussed in the text. Results are presented for 
the before period (24 hours before implementation) and two after periods, namely one and four 
months after the street narrowing was implemented. The results are also divided into those 
obtained at AM and PM peak times as well as during 24 hours. It was decided to code the 
percentage changes in 85th percentile speed for all time intervals and the statistically significant 
percentage changes (using t-tests) from the comparison groups before and immediately after and 
for before and after effects. Although reductions in vehicle speeds were found for most of the time 
intervals investigated (apart from the AM and 24 hr periods four months after implementation), 
none were found to be statistically significant. When comparing with the comparison groups, it was 
seen that the observed speeds one month after implementation on the treated sites were slightly 
lower than those on the non-treated comparison sites.  However, the differences between treated 
and comparison sites was a lot less after four months, so the effect of the treatment seems to have 
reduced. 
 
Montella et al. (2011) investigated driving behaviour and the effects of different perceptual cues 
using a driving simulator. Ten different design conditions were used in the study and 30 participants 
took part. To code for this synopsis on narrowings, four of the conditions were considered, which 
were: visual road narrowing using peripheral transverse bars; visual road narrowing using dragon 
teeth markings; physical road narrowing using painted median island and physical road narrowing 
using raised median island. The statistically significant results were coded to obtain useful 
indications. The scenario chosen as the baseline was the one using only two transverse rumble 
strips, as these were also present in the four scenarios where the narrowing conditions were present.  
Therefore, any differences in results should be due to the presence of the narrowings. Results 
related to speed and speed differences were coded, as these were considered the most relevant 
indicators of safety. It was found that for the four scenarios related to narrowings, significant 
reductions were detected in vehicle speeds and decelerations up to 250m before the intersection 
when using ANOVA tests and up to 150m when using t-tests. 
 
Bella & Silvestri (2015) investigated speed behaviour at pedestrian crossings using a driving 
simulator.  The study had 42 participants and aimed to identify the most effective safety 
intervention on the approach to zebra crossings. From the four different treatments included in the 
study, it was chosen to code the difference between the baseline design and curb extensions 
because this treatment best resembles street narrowing conditions. The results coded for this 
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synopsis are concerned with those relevant to changes in speed behaviour (e.g. distance from where 
the deceleration begins before the zebra crossing, initial speed when deceleration starts, minimum 
speed during deceleration, distance from the zebra crossing when minimum speed is reached and 
average deceleration rate).  When curb extensions are introduced, significant positive effects on 
road safety were found for the initial distance where deceleration begins (distance increases 
significantly) and significant negative effects were found for the minimum speed during 
deceleration (minimum speed increases significantly). This anomaly was explained as being due to 
the narrowing creating greater visibility of the road ahead and therefore drivers did not feel the need 
to slow down as much. Similar trends in results were also found when pedestrians were added to the 
baseline and ‘curb extension’ conditions, although the results were not significant.  
 
The study by Hsu & Chuang (2016) was a simulator study with 28 participants (all male) investigating 
how pedestrians and traffic engineering designs affect vehicle speeds at intersections, in particular 
on approach to zebra crossings. In general, nine measurements were recorded for each of the four 
scenarios (or ‘hypotheses’) investigated in this study. Street narrowing was implemented using 
perceptual hatching lines 200m before the zebra crossing, and the results of this scenario were 
coded for this synopsis. The nine measurements were analysed using ANOVA with the experimental 
scenario as the between-subjects factor, and the results of six of these measurements were included 
in this synopsis (see Table 4). Results showed that only the distance where the deceleration begins 
before the pedestrian crossing changed significantly after the implementation of the street 
narrowing, and would have a positive effect on safety (i.e. longer distances to pedestrian crossing 
before deceleration begins). The other measurements were not statistically significant. 
 
Table 4 illustrates an overview of the main features and outcomes of the four coded studies. 
 
Table 4: Main outcomes of coded studies on Narrowings 
Author, 
Year, 
Country 
Exposure 
variable 
Outcome variable / 
Outcome type  
Effects Main outcome -description 
Hadayeghi et 
al. (2006), 
Canada 
‘Perceptual’ 
narrowings 
(coloured slurry 
seal traffic 
calming 
treatment) 
Percentage change in average 
85th percentile speeds (AM Peak -
06:00 - 09:00) in the ‘immediate 
after period’ of 1 month 
- Reduction of 6.32% 
95% CI 
Non-significant reduction in average 
85%ile speeds (AM Peak -06:00 - 09:00) 
in the ‘immediate after period’ of 1 
month after narrowings were 
implemented 
Percentage change in average 
85th percentile speeds (PM Peak -
15:30 - 18:30) in the ‘immediate 
after period’ of 1 month 
- Reduction of 2.32% 
95% CI 
Non-significant reduction in average 
85%ile speeds (PM Peak -15:30 - 18:30) 
in the ‘immediate after period’ of 1 
month after narrowings were 
implemented 
Percentage change in average 
85th percentile speeds (24hr) in 
the ‘immediate after period’ of 1 
month 
 
- 
Reduction of 3.42% 
95% CI 
Non-significant reduction in average 
85%ile speeds (24hr) in the ‘immediate 
after period’ of 1 month after 
narrowings were implemented 
Percentage change in average 
85th percentile speeds (AM Peak -
06:00 - 09:00) in the ‘after 
period’ of 4 months 
- Reduction of 3.9% 
95% CI 
Non-significant reduction in average 
85%ile speeds (AM Peak -06:00 - 09:00) 
in the ‘after period’ of 4 months after 
narrowings were implemented 
Percentage change in average 
85th percentile speeds (PM Peak -
15:30 - 18:30) in the ‘after period’ 
of 4 months 
- Increase of 4.41% 
95% CI 
Non-significant increase in average 
85%ile speeds (PM Peak -15:30 - 18:30) 
in the ‘after period’ of 4 months after 
narrowings were implemented 
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Author, 
Year, 
Country 
Exposure 
variable 
Outcome variable / 
Outcome type  
Effects Main outcome -description 
Percentage change in average 
85th percentile speeds (24hr) in 
the ‘after period’ of 4 months 
- Increase of 1.9% 
95% CI 
Non-significant increase in average 
85%ile speeds (24hr) in the ‘after 
period’ of 4 months after narrowings 
were implemented 
Montella et 
al. (2011), 
Italy 
Perceptual 
narrowing 
(peripheral 
transverse bars, 
dragon teeth 
markings, 
painted median 
island) and 
physical 
narrowing 
(raised median 
island) 
Change in the mean vehicle 
speeds (km/h) recorded 250m 
before intersection when 
peripheral transverse bars 
introduced 
↘ Reduction of 
0.11km/h (93.92 to 
93.81) 
ANOVA: P<0.001 
99% CI 
T-test = 0.959 
90% CI 
Using ANOVA, significant reduction in 
mean vehicle speeds recorded 250m 
before the intersection after 
introducing peripheral transverse bars 
to the simulation. 
 
Using t-test, non-significant reduction. 
Change in the mean vehicle 
speeds (km/h) recorded 150m 
before intersection when 
peripheral transverse bars 
introduced 
↘ Reduction of 4km/h 
(90.37 to 86.37) 
ANOVA: P<0.001 
99% CI 
 
T-test = 0.120 
90% CI 
Using ANOVA, significant reduction in 
mean vehicle speeds recorded 150m 
before the intersection after 
introducing peripheral transverse bars 
to the simulation. 
 
Using t-test, non-significant reduction. 
Change in the mean vehicle 
speeds (km/h) recorded 75m 
before intersection when 
peripheral transverse bars 
introduced 
↘ Reduction of 
2.16km/h (86.41 to 
84.25) 
ANOVA: P<0.001 
99% CI 
T-test = 0.471 
90% CI 
Using ANOVA, significant reduction in 
mean vehicle speeds recorded 75m 
before the intersection after 
introducing peripheral transverse bars 
to the simulation. 
 
Using t-test, non-significant reduction. 
Change in the mean vehicle 
speeds (km/h) recorded at the 
intersection when peripheral 
transverse bars introduced 
↘ Reduction of 
2.16km/h (86.16 to 
83.89) 
ANOVA: P<0.001 
99% CI 
T-test = 0.395 
90% CI 
Using ANOVA, significant reduction in 
mean vehicle speeds recorded at the 
intersection after introducing 
peripheral transverse bars to the 
simulation. 
 
Using t-test, non-significant reduction. 
Change in the mean vehicle 
speeds (km/h) recorded 250m 
before intersection when dragon 
teeth markings introduced 
↘ Increase of 
2.36km/h (93.92 to 
96.28) 
ANOVA: P<0.001 
99% CI 
T-test = 0.318 
90% CI 
Using ANOVA, significant increase in 
mean vehicle speeds recorded 250m 
before the intersection after 
introducing dragon teeth markings to 
the simulation. 
 
Using t-test, non-significant increase. 
Change in the mean vehicle 
speeds (km/h) recorded 150m 
before intersection when dragon 
teeth markings introduced 
↘ Reduction of 
4.93km/h (90.37 to 
85.44) 
ANOVA: P<0.001 
99% CI 
T-test = 0.030 
90% CI 
Using ANOVA, significant reduction in 
mean vehicle speeds recorded 150m 
before the intersection after 
introducing dragon teeth markings to 
the simulation. 
 
Using t-test, significant reduction. 
Change in the mean vehicle 
speeds (km/h) recorded 75m 
before intersection when dragon 
teeth markings introduced 
↘ Reduction of 
7.78km/h (86.41 to 
78.63) 
ANOVA: P<0.001 
99% CI 
T-test = 0.028 
90% CI 
Using ANOVA, significant reduction in 
mean vehicle speeds recorded 75m 
before the intersection after 
introducing dragon teeth markings to 
the simulation. 
 
Using t-test, significant reduction. 
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Author, 
Year, 
Country 
Exposure 
variable 
Outcome variable / 
Outcome type  
Effects Main outcome -description 
Change in the mean vehicle 
speeds (km/h) recorded at the 
intersection when dragon teeth 
markings introduced 
↘ Reduction of 
5.02km/h (86.16 to 
81.14) 
ANOVA: P<0.001 
99% CI 
T-test = 0.077 
90% CI 
Using ANOVA, significant reduction in 
mean vehicle speeds recorded at the 
intersection after introducing dragon 
teeth markings to the simulation. 
 
Using t-test, significant reduction. 
Change in the mean vehicle 
speeds (km/h) recorded 250m 
before intersection when painted 
median island introduced 
↘ Reduction of 
0.55km/h (93.92 to 
93.37) 
ANOVA: P<0.001 
99% CI 
T-test = 0.810 
90% CI 
Using ANOVA, significant reduction in 
mean vehicle speeds recorded 250m 
before the intersection after 
introducing painted median island to 
the simulation. 
 
Using t-test, non-significant reduction. 
Change in the mean vehicle 
speeds (km/h) recorded 150m 
before intersection when painted 
median island introduced 
↘ Reduction of 
4.48km/h (90.37 to 
85.89) 
ANOVA: P<0.001 
99% CI 
T-test = 0.084 
90% CI 
Using ANOVA, significant reduction in 
mean vehicle speeds recorded 150m 
before the intersection after 
introducing painted median island to 
the simulation. 
 
Using t-test, significant reduction. 
Change in the mean vehicle 
speeds (km/h) recorded 75m 
before intersection when painted 
median island introduced 
↘ Reduction of 
3.56km/h (86.41 to 
82.85) 
ANOVA: P<0.001 
99% CI 
T-test = 0.221 
90% CI 
Using ANOVA, significant reduction in 
mean vehicle speeds recorded 75m 
before the intersection after 
introducing painted median island to 
the simulation. 
 
Using t-test, non-significant reduction. 
Change in the mean vehicle 
speeds (km/h) recorded at the 
intersection when painted 
median island introduced 
↘ Reduction of 
2.1km/h (86.16 to 
84.06) 
ANOVA: P<0.001 
99% CI 
T-test = 0.475 
90% CI 
Using ANOVA, significant reduction in 
mean vehicle speeds recorded at the 
intersection after introducing painted 
median island to the simulation. 
 
Using t-test, non-significant reduction. 
Change in the mean vehicle 
speeds (km/h) recorded 250m 
before intersection when raised 
median island introduced 
↘ Reduction of 
1.29km/h (93.92 to 
92.63) 
ANOVA: P<0.001 
99% CI 
T-test = 0.637 
90% CI 
Using ANOVA, significant reduction in 
mean vehicle speeds recorded 250m 
before the intersection after 
introducing painted raised island to the 
simulation. 
 
Using t-test, non-significant reduction. 
Change in the mean vehicle 
speeds (km/h) recorded 150m 
before intersection when raised 
median island introduced 
↘ Reduction of 
7.61km/h (90.37 to 
82.76) 
ANOVA: P<0.001 
99% CI 
T-test = 0.005 
90% CI 
Using ANOVA, significant reduction in 
mean vehicle speeds recorded 150m 
before the intersection after 
introducing painted raised island to the 
simulation. 
 
Using t-test, significant reduction. 
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Author, 
Year, 
Country 
Exposure 
variable 
Outcome variable / 
Outcome type  
Effects Main outcome -description 
Change in the mean vehicle 
speeds (km/h) recorded 75m 
before intersection when raised 
median island introduced 
↘ Reduction of 
5.13km/h (86.41 to 
81.28) 
ANOVA: P<0.001 
99% CI 
T-test = 0.063 
90% CI 
Using ANOVA, significant reduction in 
mean vehicle speeds recorded 75m 
before the intersection after 
introducing painted raised island to the 
simulation. 
 
Using t-test, significant reduction. 
Change in the mean vehicle 
speeds (km/h) recorded at the 
intersection when raised median 
island introduced 
↘ Reduction of 
6.31km/h (86.16 to 
79.85) 
ANOVA: P<0.001 
99% CI 
T-test = 0.045 
90% CI 
Using ANOVA, significant reduction in 
mean vehicle speeds recorded at the 
intersection after introducing painted 
raised island to the simulation. 
 
Using t-test, significant reduction. 
Bella & 
Silvestri 
(2015), Italy 
‘Curb 
extensions’ 
Relative difference between the 
initial distance (m) from where 
deceleration begins to the zebra 
crossing during baseline 
conditions and the initial 
distance when curb extensions 
were introduced 
↘ Increase of 11.63m 
(from 45.82m to 
57.45m) 
  
P<0.000 
Significant increase in the distance 
where the deceleration begins to zebra 
crossing when the curb extensions were 
introduced (positive effect on road 
safety). 
Relative difference between the 
minimum speed during 
deceleration at baseline 
conditions and when curb 
extensions were introduced 
(km/h) 
↗ Increase of 
4.48km/h (from 
18.65 to 23.13) 
 
P <0.0001 
 
Significant increase in the minimum 
speed value during deceleration when 
the curb extensions were introduced. 
Relative difference between 
initial speed at the start of 
deceleration at baseline 
conditions and when curb 
extensions were introduced 
(km/h) 
- Increase of 
2.47km/h (from 
48.27 to 50.74) 
 
P = 0.461 
Non-significant increase in the initial 
speed at the start of deceleration when 
curb extensions were introduced. 
Relative difference between the 
distance (m) from where the 
minimum speed is reached to the 
zebra crossing during baseline 
conditions and the distance 
where minimum speed is 
reached when curb extensions 
were introduced (m) 
- Increase of 3.39m 
(from 18.03 to 
21.42) 
 
P = 0.167 
Non-significant increase in the distance 
where the minimum speed is reached 
to zebra crossing when the curb 
extensions were introduced. 
Relative difference between 
average deceleration rates 
during baseline conditions and 
when curb extensions were 
introduced (m/s2)  
- Reduction of -
0.31m/s2 (from -2.23 
to -1.92) 
 
P = 0.203 
Non-significant reduction in average 
deceleration rates when curb 
extensions were introduced. 
Hsu & 
Chuang, 
(2016), 
Taiwan 
Perceptual 
hatching lines 
Relative difference in mean 
speed up to 100m before the 
intersection during baseline 
condition and when hatching 
lines were introduced (km/h) 
- Reduction of 
2.41km/h (from 
54.02 to 51.61) 
 
P = 0.58 
Non-significant reduction in mean 
speeds up to 100m before the 
intersection when hatching lines were 
introduced. 
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Author, 
Year, 
Country 
Exposure 
variable 
Outcome variable / 
Outcome type  
Effects Main outcome -description 
Relative difference between the 
mean distance from starting 
point of slow-down to start of 
crossing during baseline 
conditions and the mean 
distance when hatching lines 
were introduced (m) 
↘ Increase of 31.06m 
(from 65.94 to 97) 
 
P <0.001 
Significant increase in the mean 
distance from starting point of slow-
down to start of crossing when 
hatching lines were introduced (i.e. 
positive effect on safety) 
Relative difference between 
mean speed at starting point of 
slow-down during baseline 
conditions and speed when 
hatching lines were introduced 
- Increase of 
1.17km/h (from 
59.10 to 60.27) 
 
P = 0.08 
Non-significant increase in mean speed 
at starting point of slow-down when 
hatching lines were introduced. 
Relative difference between 
mean speed at point of slowest 
speed during baseline conditions 
and slowest speed when 
hatching lines were introduced 
(km//h) 
- Reduction of 
6.51km/h (from 
43.26 to 36.75) 
 
P = 0.30 
 
Non-significant reduction in mean 
speed at point of slowest speed when 
hatching lines were introduced. 
Relative difference between 
mean deceleration during 
baseline conditions and 
deceleration when hatching lines 
were introduced (m/s2) 
- Increase of 0.12m/s2 
(from 0.83 to 0.95) 
 
P = 0.66 
Non-significant increase in mean 
deceleration when hatching lines were 
introduced. 
↗ = Significantly greater accident rates/greater vehicle speeds/lower deceleration rates/shorter distances 
when narrowings are implemented. 
↘ = Significantly lower accident rates/lower vehicle speeds/greater deceleration rates/longer distances when 
narrowings are implemented. 
- = Differences in accident rates/vehicle speeds/deceleration rates/distances may have been found, but not 
statistically significant or not known (i.e. statistical analysis not carried out). 
 
3.2 METHODOLOGY 
This section describes the search terms, screening and eligibility selection processes that were used 
to identify relevant papers for investigating the safety effectiveness of implementing narrowings. 
 
3.2.1 Literature Search Strategy 
A systematic literature search was conducted in March 2017. It was carried out in two databases with 
broadly similar search strategies. The databases ‘Scopus’ and ‘TRID’ were used to identify papers 
that examined the effectiveness of implementing narrowings. 
 
Detailed search terms, as well as their linkage with logical operators and combined queries are 
shown in Tables 5 and 6. 
 
Table 5: Scopus search terms and results 
Database: Scopus  Date: 14 Mar 2017 
search no. search terms / operators / combined queries hits 
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#1 “road narrowing*” OR “narrow* road” OR “narrow lane” OR “kerb build-
out” OR “curb build-out” OR “curb extension” OR “kerb extension” OR 
“pedestrian refuge*” OR “pedestrian island*” OR “refuge island*” 
441 
#2 “safe*” OR “countermeasure*” OR “crash*” OR “accident*” OR 
“incident*” OR “collision*” OR “risk*” OR “impact*” OR “severity”  
7,672,775 
#1 AND #2 All years 189 
 
Table 6: TRID search terms and results 
Database: TRID  Date: 15 Mar 2017 
search no. search terms / operators / combined queries hits 
#1 “road narrowing*” 35 
#2 “narrow* road*” 94 
#3 “narrow lane*” 137 
#4 “kerb build-out*” 2 
#5 “curb build-out*” 0 
#6 “curb extension*” 32 
#7 “kerb extension*” 5 
#8 “pedestrian refuge*” 67 
#9 “pedestrian island*” 15 
#10 “refuge island*” 67 
#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR 
#7 OR #8 OR #9 OR #10 = #11 
 
402 
#12 safe 15002 
#13 countermeasure 3569 
#14 crash 15000 
#15 accident 15000 
#16 incident 7156 
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#17 collision 15000 
#18 risk 15000 
#19 impact 15000 
#20 severity 10245 
#12 OR #13 OR #14 OR #15 OR #16 OR 
#17 OR #18 OR #19 OR #20 = #21 
 
70226 
#11 AND #21  All years 141 
 
A number of limitations and exclusions were applied on the papers initially found using the search 
terms listed in Tables 5 and 6, which were as follows: 
• Search field: TITLE-ABS-KEY 
• published: year > 1990  
• Document Type: “All” 
• Source Type “Journals” or “Conference Proceedings” 
• Subject area: “Engineering”, “Social Sciences”, “Psychology” & “Multidisciplinary” 
• Language: “English” 
 
For TRID, these limitations and exclusions had to be applied as part of the initial search, so the 
numbers included in Table 6 are the numbers after the limitations/exclusions had been applied. 
 
Table 7 shows the number of remaining papers after the limitations and exclusions were applied for 
both databases. 
 
Table 7: Papers still remaining after applying limitations/exclusions 
Database Hits 
Scopus 189 
TRID 141 
Total number of studies to screen title/ abstract 340 
 
6.1.2 Results of literature search, screening and prioritizing 
As shown in Table 8, the titles and abstracts of the 340 papers remaining after the initial searches 
and exclusions were screened for their relevance to the countermeasure ‘Implementation of 
narrowings’. From this screening, 37 were found to still have possible relevance to this factor. 
 
Table8: Screening process of the 340 studies identified from the initial literature search 
Total number of studies to screen title/ abstract 340 
-De-duplication 5 
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-Not relevant studies excluded 169 from Scopus & 119 from TRID 
-Studies with no risk estimates excluded 0 
Studies not clearly relevant to the topic (full-text screening later) 0 
Remaining studies  15 from Scopus & 22 from TRID 
Studies to obtain full-texts  37 
 
A search for all of the full-texts of these 37 studies was undertaken so that the whole paper could be 
screened to determine their eligibility for analysing the countermeasure “Implementation of 
narrowings”. 
 
Table 9 shows the number of papers which were eligible for analysing the safety effectiveness of 
narrowings. As the full-text of ten studies could not be obtained, a total of 27 papers had their full-
text screened for eligibility for analysing the safety effectiveness of narrowings. An additional one 
paper was found in the references which was also full-text screened, bringing the total available for 
full-screening to 28. Twenty-four of the 28 full-screened papers were found not to be relevant to the 
topic or not codable, leaving four studies as being eligible for coding. 
 
Table 9: Eligibility of papers selected for full-text screening 
Total number of studies to screen full-text 37 
Full-text could be obtained 27 
Additional relevant studies identified from reference lists/other sources* 1 
Exclude: included in meta-analysis 0 
Exclude: not relevant or codable 24 
Total number of eligible papers 4 
 
Prioritisation 
As only four codable papers were found for this topic, it was decided that further prioritisation would 
not be needed as all four papers would be included in this synopsis. 
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1 Summary 
Goldenbeld, Ch., and Schermers, G. (SWOV,  June 15th 2017) 
 
 
1.1 COLOUR CODE: LIGHT GREEN 
There is some indication that the installation of school zones can help to reduce speeds and improve 
road safety near schools. However, despite some improvements, there are still indications of 
frequent speeding and enhanced traffic risk in school zones.   
 
1.2 KEYWORDS  
School zone, speed limit, speeding, safety, intervention, crash 
 
1.3 ABSTRACT 
A school zone refers to a road area near a road traffic network around a school, where the presence 
of (younger) pedestrians is likely. In general, school zones have a reduced speed limit during certain 
hours. Most studies on the road safety impact of school zones have used before and after 
measurements of vehicle speeds as the safety relevant indicator. There is evidence that a lowered 
speed limit in a school zone may substantially reduce vehicle speeds, but nevertheless vehicle 
speeds tend to remain far above the posted speed limit. There is evidence that speeds in school 
zones may be reduced by the application of speed monitoring displays and fiber-optic signs. The 
speed-reducing effects of speed monitoring displays have also been found to remain stable at long 
term. Studies have not consistently demonstrated that flashing beacon signs or pavement marking 
will significantly reduce vehicle speeds in school zones. The presence of specific elements in the 
physical road environment (sidewalk, crosswalk, pedestrian fencing) may contribute to lower speeds 
in school zones. The research evidence is not clear on how the length of school zones and number of 
lanes affects vehicle speeds: opposing results have been found.  
  
1.4 BACKGROUND 
What is a school zone? 
A school zone refers to a road traffic network around a school, where the presence of (younger) 
pedestrians is likely. In general, school zones have a reduced speed limit during certain hours. These 
limits are often only applicable during posted weekday hours near the beginning and ending of 
school, when children are likely to cross roads. The school zone speed limit can also be effective at 
all times when school is in session. School zones can be indicated by signs, flashers, and roadway 
markings. In many European countries it is common practice to introduce changes to the road 
infrastructure itself, e.g. road humps. 
 
Why are school zones necessary? 
School zones are especially essential around primary schools. During school opening and closing 
hours the volume of traffic peaks, leading to an increased risk of conflict between young (often 
inexperienced and poorly disciplined) child pedestrians, and cars travelling at high speeds. For 
example, in Canada it was found that collisions between motor vehicles and child pedestrians 
occurred more frequently during the hours and months of travel to and from school (Warsh et al., 
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2009). The rate of collisions per school travel hour was three times the rate of collisions at other 
times. 
 
How does a school zone lead to road safety? 
School zones are expected to lead to improved road safety, by decreasing vehicle speeds near 
schools and by raising awareness of car drivers that young children or students may cross the road. 
 
Which measures can support school zone limits? 
Setting a reduced speed limit in a school zone is unlikely to produce the desired speed reduction on 
its own. Additional measures used to assist in reducing vehicle speeds in school zones may include 
police enforcement, public awareness campaigns, and engineering countermeasures. Traffic 
engineering tools include school speed limit zones and traffic calming (such as curb extensions or 
raised crosswalks). 
 
Which factors influence speeding in a school zone? 
Various factors relating to the road itself and its physical and social environment may influence 
speeding, namely: 
• types of school zones (school zone compared to playground)   
• the road class and number of lanes (2-lane roads vs. 4-lane roads)   
• the visible presence of children   
• the length of the school zone   
• the approach speed   
• the type of school (elementary school vs. high school) and  
• the presence of fencing 
 
How is the effect of school zones on road safety measured? 
Most studies have measured the effect of school zones on vehicle speeds. These studies 
predominantly focus on specific measures such as school zone limit change, or the installation of 
flashers, beacons, or speed monitoring displays at the beginning of the zone.    
 
1.5 OVERVIEW OF RESULTS 
1.5.1 Overview of results 
For this synopsis eight studies were coded, five of which were from the USA. Most studies used a 
before-after design, and were restricted to one or a small number of school locations. Several 
studies presented long-term results.  
• There is evidence that speeds in school zones may be reduced by the application of speed 
monitoring displays and fiber-optic signs. 
• There is evidence that change of speed limit alone may substantially reduce vehicle speed in 
school zones, even though speeds may still remain above the posted speed limit. 
• Studies have not consistently demonstrated that flashing beacon signs or pavement markings 
substantially reduce vehicle speeds in school zones.   
• The presence of specific elements in the physical road environment (sidewalk, crosswalk, 
fencing) may contribute to lower speeds in school zones.  
• Vehicle speeds are lowered by the visible social environment of school zones and the presence 
of school children.  
• School zone speeds on local and urban roads tend to be lower than school zone speeds on non-
local and rural roads.  
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• The evidence for how the length of school zones affects vehicle speeds is unclear, as studies find 
opposing results. 
• The evidence regarding the effect of the number of lanes of roads in school zones on vehicle 
speeds is also unclear, and again studies find opposing results. A higher density of school zones 
and higher zone signage around a reference school zone leads to lower vehicle speeds in a 
school zone.  
 
1.5.2 Transferability of results 
Of the eight school zone studies, five were conducted in the USA. These studies concentrated on the 
effects of school zone signs (flashers, beacons, marking) and general zone characteristics on 
speeding. Very little recent or relevant European literature that was suitable for inclusion into this 
analysis could be found. 
  
The general dynamic occurring both in Europe and outside Europe seems to be that marking areas 
as school zone tends to bring vehicle speeds down, but not nearly close enough to the safe speed 
limit.  
Additional measures such as flashing beacons, speed monitoring displays or traffic calming 
measures are then needed to further bring down vehicle speeds. Increasing the visibility of schools 
and school children would also tend to bring down speeds.  
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2 Scientific Overview 
 
 
This scientific overview on the safety effects of school zones first describes individual studies 
(Section 2.1), then presents study results (Section 2.2), and ends with major conclusions (Section 
2.3).  
 
2.1 DESCRIPTION OF STUDIES 
 
USA studies 
Traffic control devices 
In Springfield, USA, Schrader (1999) examined the speed-reducing effectiveness of five different 
school zone traffic control devices. The tested speed control devices were Fiber-optic signs, two 
types of flashing yellow beacons and two types of pavement markings. The study used a before-
after control group design, where each control device was tested at one site. One additional site 
without the device was used as a control condition. Speed data were obtained at each site before 
the devices were added, then again one month and six months after the devices were installed. 
 
Three criteria were used for the selection of sites. The first was that the school zone selected was to 
be marked only with signs that read “Speed Limit 20 on School Days When Children Are Present”. 
The second criterion was that the site should be located on a collector road. The rationale behind 
this was that pedestrian volumes on roads without specific crossing facilities are higher on collectors 
than on arterials, due to lower vehicular volumes. Local streets were considered not to have enough 
vehicular traffic to create many vehicle-pedestrian conflicts. In other words, sites that were selected 
had high enough vehicular volumes to create numerous potential vehicle-pedestrian conflicts, but 
not high enough to discourage a significant number of pedestrian crossing movements. The third 
criterion was that the site had a high number of “walkers” (students who walk to school). These sites 
also have more potential for vehicle-pedestrian conflicts and hence a higher chance of pedestrian 
injury. 
 
Vehicular speed data were collected with radar before any traffic devices were introduced at the 
sites. Data were also collected one month after traffic device installation and again six months after 
installation. Note that six-month data were not gathered for one of the sites, as the site was added 
several months after the changes to the other sites. 
 
In a North Carolina study, Simpson (2008) set out to:  
- determine if flashing beacons located in reduced-speed school zones decrease speeds and increase 
speed compliance, when compared with reduced-speed school zones without flashers 
- examine differences in vehicle speeds and compliance rates in school zones during reduced-speed 
school zone hours of operation (school time), versus hours outside the reduced-speed school zone 
hours of operation (non-school time)  
 
From December 2006 through March 2007, speed data were collected with a Lidar gun on typical 
weekdays (Tuesday, Wednesday, or Thursday) when school was in session. All data collection was 
done under favourable, dry weather conditions. Speed data were collected at each site for the 
morning and afternoon school times for the entire duration (approximately one hour) that the 
reduced speed limit was in effect. At least 100 speed samples or one hour of data collection were 
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also obtained at each site in the morning and afternoon during non-school-time hours. Non-school-
time data collection began at least 30 minutes before the school time, and ended at least 30 minutes 
after it. Data collectors targeted only unimpeded vehicles that were setting their own speed. In the 
study, various characteristics of the distribution of speeds were calculated and analysed, including 
the percentage of vehicles exceeding the speed limit, vehicle average speed, standard deviation, 
85th percentile speed, and pace speed. 
 
Sign saturation 
In two studies, Strawderman et al. (2015) examined the impact of school sign saturation on speed 
and accident frequency. Sign saturation is defined as the density of school zones around a reference 
school zone. For these studies, sign saturation was quantified as the total number of other school 
zones within a ten mile radius of the school zone being studied. Sign saturation had two levels: high 
saturation and low saturation. School zones with a saturation of at least ten were categorized as 
high saturation. School zones with a saturation of less than two were categorized as low saturation. 
The cut-offs for the categories were selected with the intention of keeping the low density and high 
density categories as far apart as possible,  to enable estimation of the impact of sign saturation on 
speed compliance with high clarity. 
 
In the first study, vehicle speed and speed limit compliance in school zones was examined. Four 
school zones were selected for data collection. The selection process considered the sign saturation 
level, the road type (number of lanes) and a few control variables (Table 1). The complete dataset for 
this study included 168 hours (7 days x 24 hours) of vehicle speeds for four school zones (one high 
saturation/ two lanes, one high saturation/four lanes; one low saturation/two lanes, one low 
saturation/four lanes). The quasi-experimental design allowed for testing the effects of low versus 
high saturation and number of lanes in a 2 x 2 factorial design. 
 
The second study investigated the effect of sign saturation on accident frequency in school zones. 
Data for this study included the number of traffic accidents for a year of each school zone (n = 79) in 
Northeast Mississippi (MDOT district 1). 
 
The researchers mention the following study limitations: 
- The sampling procedure of the study could have been better. The data collected in one school zone 
greatly skewed the final results. This zone alone accounted for more than 46% of the total data 
points (for both data sets).  
- There were many confounding variables that were not controlled for in the study, or eliminated 
from it. These confounding variables may have impacted the final results. One school zone was 
identified as a metropolitan area, whilst the other three school zones were located in rural areas. It is 
likely that there is an increased level of law enforcement in the urban school zone compared to the 
other three school zones, which may affect the drivers’ behaviour.  
- The accident results were probably primarily influenced by traffic volume, as an explanatory 
variable. Increased traffic density (possibly due to a higher population in the surrounding area) leads 
to a higher number of schools, and thus high saturation. Therefore, it can be argued that traffic 
volume impacts sign saturation and road type, as well as vehicle speed, compliance, and accident 
frequency.  
 
Studies outside USA 
 
Speed zones - Canada 
In Canada, Lazic (2003) examined the speed effects of school speed zones in the City of Saskatoon, 
implemented prior to the 2002/2003 school year. The speed limit in the school zones was 30 km/h. 
The reduced speed zones were in effect from 8.00 to 5.00 pm, Monday to Friday, from 
September 1st 2002 to June 30th 2002. Speed and traffic volume data were gathered at 15 school 
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locations throughout the city. The speed data were averaged over 15 school locations throughout 
the city; to eliminate the possibility that higher volume locations might govern the percentile speeds 
and shapes of curves, vehicle percentages for each speed group were averaged, instead of using the 
actual values. 
 
km/hr km/hr  
School zone characteristics - Canada 
In Canada, Alberta, Kattan et al. (2011) examined the influence of various characteristics of school 
zones on speeding. The studied characteristics were: the type of zone (school zone, playground), 
presence of children, number of lanes (two or four), presence of fencing, presence of a speed 
monitoring device, road classification (local, collector road), length of the zone, distance from road, 
(next to, ≤ 50 meter, > 50 meter) and traffic control device near the study location. 
 
The study area was the City of Calgary in the Province of Alberta in Canada. The City of Calgary has 
implemented a reduced speed limit of 30 km/h on roads around both school and playground zones. 
These zones are clearly marked by a traffic sign at the beginning and end of the zone. A school zone 
is in effect between 8:00 a.m. and 4:30 p.m. during school days and a playground zone is in effect 
starting at 8:30 a.m. and ending one hour after sunset. A sample of 11 schools and 16 playgrounds 
randomly located in the four quadrants of the City were selected for this study. 
 
Data collection took place during daytime off-peak periods to ensure that a reasonable sample of 
observed vehicles with adequate head-way and tail-way was taken. Data on vehicle speed were 
collected by the research team using Ultralyte 20–20 laser speed guns. To reduce the influence of 
researchers on driver behaviour, the research team was stationed unobtrusively upstream from 
the zone. The speeds of the vehicles were measured while they were moving in the school or play-
ground zones. To ensure free flow speed, impeded or rushed drivers who had been influenced by 
traffic were not included in the sample. Moreover, since weather and road surface conditions would 
affect traffic speed, measurements were only taken under dry conditions. The speed of 4580 
vehicles was measured and recorded. 
 
Speed monitoring displays – South Korea and USA 
In South Korea, Lee et al. (2006) investigated the performance of a Speed Monitoring Display (SMD) 
in reducing speed in school zones in Gwacheon City. Two sets of measurements were taken, to 
assess both the short-term and the long-term effectiveness of the SMD. The SMD displayed three 
pieces of information: a school zone sign (upper), a 30 km/h limit sign (middle), and vehicle speed 
(below). 
 
Several variables were used to compare the performance characteristics, including the average 
speed, the 85th percentile speed, and the distribution of speeds.  
 
In a study on speed monitoring displays conducted in North Carolina, USA, O’Brien et al. (2012) 
investigated the speed reducing effects of a “Your Speed” sign. This sign displays amber-lighted 
steady numerals for speeds below the posted speed limit and up to five mph above it, flashing 
numerals for speeds between six and 20 mph above it, and a pattern (no numeral) for speeds of 21 
mph or more above it.  
 
The study was located at the C. M. Eppes Middle School, Greenville, North Carolina, near to the 
campus of East Carolina University. The school sits on South Elm Street, a four-lane road divided by 
a tree-lined median with unmarked bike lanes, on-street parking, and a sidewalk on both sides 
through the school zone. South Elm Street’s average daily traffic is 11,000 vehicles, and the speed 
limit is 35 mph during non–school time. The designated school zone along South Elm Street extends 
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for approximately 1,500 ft. (457.5 m) in front of the school. From 8:00 to 9:00 a.m. and 3:25 to 4:45 
p.m. (i.e. school time) the speed limit was reduced from 35 mph to 25 mph. 
 
Speed data were collected before the signs were installed, and at intervals of one, three, six and 12 
months post-installation, from November 2009 through October 2010. The speed data were 
organized by school time and non–school time sets for analysis. Various speed characteristics were 
calculated for each group analysed, including the percentage of vehicles exceeding the speed limit, 
average speed, 85th percentile speed, standard deviation, and pace speed. Average speeds before 
and after installation of the “Your Speed” signs were compared by using two-sided unpaired t-tests. 
 
2.2  RESULTS 
 
2.2.1 Results per study  
In Springfield, USA, Schrader (1999) examined the speed-reducing effectiveness of five different 
school zone traffic control devices. Of the devices tested, only the fibre-optic signs significantly 
decreased speeds. The effect was both immediate (i.e. within one month of the signs being 
installed) and long-lasting (i.e. six months after the signs were installed). The other four devices 
consisted of the two types of flashing yellow beacons and the two types of pavement markings. 
These did not significantly reduce speeds in the short or long-term, although the site with the post-
mounted flashing beacons did experience a modest decrease in speeds. However, it cannot be 
determined whether these decreases were a direct result of the beacons or a random sample 
variation. Because of the very limited scope of this study, these results cannot be considered 
conclusive. The tested devices should be tested at other locations to determine whether the 
effectiveness or non-effectiveness of a particular device can be attributed to the device itself or to 
some other site-specific influence. 
 
In North Carolina, Simpson (2008) examined the effects of flashing beacons on vehicle speeds in 
school zones. She found that when comparing the average speeds at flashing beacons sites to those 
at non-flasher sites, average speed was 1.5 mph less for 25-mph school-time speed limits, and 1.8 
mph less for 35-mph or greater school-time speed limits. Although these results are significant, 
Simpson concludes that these changes in speed have only a minor effect on road safety.  
 
The above two studies raise some doubts about the effectiveness of flashing beacons. More 
recently, however, some experts tend to have a more positive judgment. Based on empirical 
evidence and expert judgment, the iRAP assessment of pedestrian risk near school zones  and 
possible countermeasures suggests adopting a 10% reduction (or CMF of 0.90) for school zone 
flashing beacons . The use of school zone static signs or road markings was judged to be half as 
effective as the flashing beacons, estimated as being a 5% reduction (or CMF of 0.95) (iRAP, 2013). It 
should be noted that the iRAP assessment only mentions one empirical study and it does not refer 
to either the Schrader or Simpson study. 
 
In another study in North Carolina, O’Brien et al. (2012) investigated the speed reducing effects of a 
speed-monitoring display sign (“Your Speed” signs). The main findings were: 
- During school time, the average speed significantly decreased by at least 2.9 mph (4.6 km/h) and at 
most 4.5 mph (7.2 km/h). Indeed, 12 months after the installation, average speeds maintained a 3.4 
mph (5.5 km/h) (p < .0001) to 4.1 mph ( 6.6 km/h) (p < .0001) decrease for southbound and 
northbound travel, respectively. 
- The 85th percentile speed decreased by at least 3.8 mph (6.1 km/h) and at most 6.4 mph (10.3 
km/h) after installation when either direction of travel was considered, and 85th percentile speeds 
maintained a 4.5 to 6.4 mph (7.2 km/h to 10.3 km/hr) decrease at 12 months after installation. 
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- When direction of travel is not considered, at school times the average speed was about 3.8 mph 
(6.1 km/h) (or 12%) lower 12 months after the signs were installed. 
- During non–school time the average speed results varied by direction of travel. In the northbound 
direction, average speed decreased between 0.6 mph (1 km/h) (p = .12) and 2.4 mph (3.9 km/h) (p < 
.0001), but non-school time southbound speeds increased over time. At one and three months after 
installation, the modest increase in average southbound speeds were insignificant (p = .09 and p = 
.88, respectively). However, the largest increase of 1.7 mph (2.7 km/h) in average speed was 
extremely significant with a p-value less than .0001, and occurred 12 months after the “Your Speed” 
signs were installed. 
 
In Mississippi, Strawderman et al. (2015) examined the impact of school sign saturation on speed 
and accident frequency. In this study, sign saturation was defined as the density of school zones 
around a reference school zone. They found the following: 
- Vehicles in high saturation and four-lane school zones exhibited lower speeds and higher 
compliance compared to low saturation and two-lane school zones. 
- The effect of high saturation on vehicle speeds was larger for four-lane roads than for two-lane 
roads  
- High sign saturation was also associated with lower accident frequency   
- two-lane roads were associated with lower accident frequency than four-lane roads 
- Rural school zones exhibited higher vehicle speeds (not coded) 
 
In Canada, Lazic (2003) examined the speed effects of school speed zones in the City of Saskatoon. 
He found the following: 
- The percentage of drivers driving at speeds less than or equal to 30 km/h increased from 8.1% 
(Before Spring 2002) to 23.3% (After Fall 2002) and 21.7% (After Spring 2003) 
- The median speed decreased from 46.0 km/h (Before Spring 2002) to 34.5 km/h (After fall 2002) 
and 35.0 km/h (After Spring 2003) 
- The 85th percentile speed decreased from 54.5 km/hr (Before Spring 2002) to 45.5 km/hr (After Fall 
2002) and 44.5 km/hr (After Spring 2003).  
- The weekday traffic volume decreased by 14% (Before Spring 2002 vs. After Fall 2002) and 12% 
(Before Spring 2002 and after Spring 2003) 
 
The researcher concluded that the general compliance with the 30 km/h limit in school zones was 
relatively low (23% complying drivers). However, it could be argued that the overall speed reduction 
of 10 km/h represents an improvement to child pedestrian safety. The reduction in weekday traffic 
volume near schools suggests that motorists prefer to avoid school zones. 
 
In another Canadian study, Alberta, Kattan et al. (2011) examined the influence of various 
characteristics of school zones on speeding. This study found that the mean and 85th percentile 
speeds were: 
- lower in school zones than in playground zones  
- lower on roads with two lanes than on roads with four lanes   
- lower for roads with pedestrian fencing than for roads without pedestrian fencing  
- lower on roads with speed display devices  
- lower on controlled intersections than on sites with uncontrolled intersections.  
 
These findings were supported by findings from previous research (Lazic, 2003; Lee et al., 2006; Tay, 
2009; mentioned in Kattan et al., 2001)  
 
In addition to the above results, this study also investigated several other potential contributing 
factors. The researchers found that the mean and 85th percentile speeds were: 
- lower at zones that are closely joined with the road (p < 0.0001),  
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- lower with the presence of children compared to absence of children (p = 0.003)  
- lower at local roads compared to collector roads (p < 0.0001)  
- lower in longer zones of 200 m or more, compared to zones less than 200 metres (p < 0001). 
 
In addition to the series of univariate analyses, a multivariate analysis using a linear regression 
model was conducted, to determine the effects of different site characteristics on vehicle speed. All 
estimated coefficients were statistically significant (p-value < 0.05) and had the expected signs.  
 
In conclusion, the study found that the mean and 85th percentile speeds in school zones (31.4 km/h, 
38.0 km/h) and playground zones (32 km/h, 39.1 km/h) were considerably lower than the default 
speed limit on urban roads (50 km/h), although they were slightly higher than the posted speed limit 
of 30 km/h in these zones. The researchers note the following qualifications: 
1. the study only collected data during the off-peak period and under free flow conditions; therefore, 
the effect of the school and playground zones would likely be underestimated; 
2. the study only collected data after the school and playground zones were in effect. Therefore, an 
assumption had to be made that the mean and 85th percentile speeds were around or above the 
default limit of 50 km/h before implementation, in order to conclude that there was a reduction in 
speed. 
 
In South Korea, Lee et al. (2006) investigated the performance of a Speed Monitoring Display (SMD) 
in reducing speed in school zones in Gwacheon City. The application of the SMD had a significant 
impact in reducing vehicle speeds. The short-term results for the after period showed that average 
speed dropped by 17.5% (8.2 km/h) at the SMD location. There was a slight difference in the 
magnitude of the speed reductions depending on the time of day, although this speed reduction 
trend was observed throughout the day. From the long-term after-study results, the trends were 
similar to those detected in the short-term study, but the (assumed) level of driver attention to the 
existence of the SMD appeared to be reduced. The researchers derived the reduced attention from 
the finding that the reference point of the speed reduction was shifted downstream of the study 
site, and average speed there were found to be reduced by 12.4% (5.8 km/h) at the SMD location 
(significant difference).  
 
The analysis of the results of the speed distribution indicated that the application of an SMD in 
school zones could reduce the number of speeding vehicles. About 26.5% of all vehicles previously 
drove at speeds over 50 km/h. The SMD reduced that to 9.9% and 5.4% in the short-term and the 
long-term after-studies, respectively. In addition, the 85th percentile speed was reduced from 54.3 
km/h to 46.3 km/h and 45.0 km/h in the short-term and the long-term after-studies, respectively.  
The variability of the speed data decreased with the application of the SMD. It was concluded that 
the use of the SMD in a school zone produced a positive impact on driver behaviour, and a 
significant speed reduction could be obtained for a longer period of time. The use of an SMD in 
school zones does not need be limited to the active period of the day alone, but may be applied 
throughout the day if necessary. 
 
The results of both the O’Brien et al. and Lee et al. study on speed monitoring displays show 
promising speed reducing effects, both in the short-term and the long-term.  However, these results 
should be interpreted with some caution, as both studies were based on a single location. 
 
2.2.2 Results summary  
 
The major results of coded studies are listed in Table 1. The results can be summarised as follows: 
• There is evidence that speeds in school zones may be reduced by the application of speed 
monitoring displays and fibre-optic signs (Schrader, 1999; Lee et al., 2006; Kattan et al., 2011). 
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• There is evidence that speed limit change alone may substantially reduce vehicle speed in school 
zones, even though speeds may still remain above the posted speed limit (Lazic, 2003) 
• Studies have not consistently demonstrated that flashing beacon signs or pavement marking 
may reduce vehicle speeds in school zones (Schrader, 1999; Simpson, 2008) 
• The presence of specific elements in the physical road environment (sidewalk, crosswalk, 
fencing) may contribute to lower speeds in school zones (Fitzpatrick et al., 2010; Kattan et al., 
2011)) 
• The visible social environment of school zones and the presence of school children lower vehicle 
speeds (Kattan et al., 2011) 
• School zone speeds on local and urban roads tend to be lower than speeds on non-local and 
rural roads (Fitzpatrick et al., 2010; Kattan et al., 2011; Strawderman et al., 2015).  
• The evidence is not clear as to how the length of school zones affects vehicle speeds. Studies 
find opposing results (Fitzpatrick et al., 2010; Kattan et al., 2011). 
• The evidence is not clear as to how the number of lanes in school zones affects vehicle speeds. 
Studies find conflicting results (Fitzpatrick et al., 2010; Kattan et al., 2011 vs. Strawderman et al. 
2015). 
• A higher density of school zones and higher zone signage around a reference school zone lead to 
lower vehicle speeds in a school zone (Strawderman et al., 2016).  
 
Table 1: Overview of coded studies and their (simplified) main outcomes  
Study  Method Evaluated 
school zone 
characteristic 
Indicator Recorded 
change 
Expected 
safety 
effect 
Description of main outcomes 
Schrader, 
1999, 
USA, 
Illinois 
Before-after Flashing yellow 
beacons 
Speed     No significant change in speeds 
Pavement 
markings 
Speed     No significant change in speeds 
Fiber-optic sign Speed     1 month after the changes, the mean speed 
decreased from 53.3 km/h to  47.9 km/h. 6 
months after the changes, the mean speed was 
48.7  km/h, 4.6 km/h less than the initial mean 
speed.  
Lazic, 
2003, 
Canada  
Before-after Reduction 
speed limit 
from 50 to 30 at 
school zones 
Median 
Speed 
  The median speed decreased from 46 km/r 
(Before Spring 2002) to 34.5 km/hr (After fall 
2002) and 35.0 (After Spring 2003) 
V85 speed   The 85th percentile speed decreased from 54.5 
(Before Spring 2002) to 45.5 (After Fall 2002) 
and 44.5 (After Spring 2003). 
Lee, 2006, 
South 
Korea 
Before-after 
with 2 after 
measurements 
Speed 
monitoring 
display 
% vehicles 
> 50 km/h 
  At before measurement 26.5% of vehicles  
drove at speeds over 50 km/h, but the 
percentages were reduced to 9.9% (short-term) 
and 5.4%  (long-term) 
Speed 
monitoring 
display 
V85 speed   The 85th percentile speed was changed from 
54.3 (before) to 46.3 (short term) and 45.0 km/h 
(long term) 
Simpson, 
2008, 
USA, 
North 
Carolina 
Cross-sectional 
design 
Flashing 
beacons 
Speed   the average speeds at flashing beacons sites  
compared to non-flasher sites was 1.5 mph less 
for 25-mph school-time speed limits and 1.8 
mph less for 35-mph or greater school-time 
speed limits 
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Study  Method Evaluated 
school zone 
characteristic 
Indicator Recorded 
change 
Expected 
safety 
effect 
Description of main outcomes 
Fitzpatrick
, 2010, 
USA, 
Texas 
Cross-sectional 
design, both 
univariate and 
multivariate 
analysis 
Longer school 
zones 
Speed   Speeds increased app. 0.9 mph for every 500 ft. 
in school zone length. 
Presence of 
sidewalk or 
cross walk 
Speed   The presence of either sidewalk or cross walk 
decreased speed 
Rural (vs urban) Speed   Rural areas went together with increase speed 
(versus urban)  
Time increment 
from start or 
end of school 
Speed   Speeds were higher for greater time increments 
from the start or the end of school. 
Kattan, 
2011, 
Canada 
Cross-sectional 
design, both 
univariate and 
multivariate 
analysis 
Presence speed 
display devices 
Speed   Lower speeds when speed display devices 
present 
Presence 
children 
Speed   Lower speeds when children present 
Presence 
fencing 
Speed   Lower speeds when fencing present 
Local roads Speed   Lower speeds at local roads 
Longer zones Speed   Lower speeds at longer school zones of 200 m 
or more 
2-lanes (vs. 4 
lanes) 
Speed   Lower speeds at 2-lane roads 
O’Brien, 
2012, USA 
Before-after 
with multiple 
after 
measurements 
Speed 
monitoring 
display 
Speed   After installation sign speeds during school 
times lowered. After 12 months the speed were 
still 5.5 to 6.5 km/hour lower than pre-
installation. 
Strawder-
man, 2015, 
USA, 
Missisippi 
Cross-sectional, 
quasi-
experimental 
High school 
zone sign 
saturation  
Speed   Vehicles in high saturation school zones 
exhibited lower speeds and higher compliance 
High school 
zone sign 
saturation 
Accident 
frequency 
 
            ? High school zone sign saturation was associated with higher accident frequency (however no 
correction for traffic density) 
2-lane vs. 4-
lane school 
zones 
Speed    2-lane school zones exhibited higher mean 
vehicle speed compared to the 4-lane school 
zones 
Urban vs. rural Speed   urban school zones exhibited lower vehicle 
speeds  
 
 
2.3 CONCLUSIONS 
 
The general dynamic occurring worldwide is that marking areas as school zones tends to bring 
vehicle speeds down, but they remain considerably higher than the safe speed limit.   
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Additional measures such as speed monitoring displays, flashing beacons or traffic calming 
measures seem to be necessary for further reductions in speeds. However, not all studies on the 
effects of flashing beacons demonstrate speed reduction. 
 
Specific social or physical elements in the school road environment may either act as speed 
accelerators or decelerators. The physical presence of schools and school children acts as a speed 
decelerators. Higher-order roads with more lanes tend to act as speed accelerators. 
 
A higher density of school zones contributes to lower speeding in a school zone. 
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3 Supporting document 
 
 
This Supporting Document concerning school zones describes the literature search strategy 
(Section 3.1) It presents a schematic overview of study characteristics (Section 3.2) and includes 
references on coded studies and general literature (Section 3.3). 
 
3.1 LITERATURE SEARCH STRATEGY 
 
Literature relating to school zones and traffic risk was searched for in the international database 
Scopus on March 14th 2017. Scopus is the largest international peer-reviewed database. Table 2 
describes the search terms and logical operators, and the number of hits for the search on school 
zones. 
 
Table 2:  Used search terms and logical operators 
No Search terms/logical operators/combined queries hits 
1   ( TITLE-ABS-KEY ( "school zone" )  AND  TITLE-ABS-KEY ( "road safety"  OR  "accident"  OR  "crash"  OR  
"speeding"  OR  "speed" ) )   69 hits    
69 
 
The search resulted in 69 hits. In a first screening round, these 69 references were screened by 
potential relevance for coding, based on title and abstract information. Also references were 
screened for further references. Criteria for selecting publications in the first round were:  
• The study was concerned with the behaviour or safety effects of school zone measures  
• The study was written in English 
• Better (or more complete) results were not published at any time in another publication 
(duplication)  
• The study was not a general review 
 
Table 3 shows that 47 studies had to be rejected after the first round of screening because they were 
not concerned with the effect of school zones on speeding or accidents. For example, several studies 
focused on pedestrian behavior near school zones. 
 
Table 3: Initial selection of studies after the first screening round 
Selection steps  Not selected  
first round  
Selected  
first round 
Excluded: School zones not evaluated in terms of speed or accident data     47  
Selected after initial screening   22 
Added after screening references    0 
Total selected   22 
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Of the 69 publications, 22 studies were directly concerned with the evaluation of crash or speed data 
in school zones. These 22 selected studies were further screened on relevance for coding. In the 
second round the same criteria were used but were checked on full-text copies of the papers. Table 
4 presents the results of this second screening round and describes the final decisions. 
 
Table 4:  Selection of studies to be coded in second screening round 
 Reference Relevant To be coded 
1 Schrader, M. H. (1999). Study of effectiveness of 
selected school zone traffic control devices. 
Transportation Research Record, 1692,  24-29. 
Yes 
The effectiveness of five different school zone traffic 
control devices was tested. Each was tested at a unique 
site. Speed data were obtained at each site before the 
devices were added and again 1 month and 6 months 
after the devices were installed. The five devices tested in 
the study were fiber-optic signs, spanwire-mounted 
flashing yellow beacons, post-mounted flashing yellow 
beacons, transverse lavender stripes, and large painted 
legends. 
Yes  
2 Trinkaus, J. (1999). School zone speed limit 
dissenters: An informal look. Perceptual and Motor 
Skills, 88,  1057-1058 
Only speed data at on location, not before after.  No to limited in 
scope 
3 Lazic, G. (2003). School speed zones: Before and 
after study city of Saskatoon. 
Yes Yes 
4 Ash, K.G., & Saito, M. (2006). Field evaluation of the 
effect of speed monitoring displays on speed 
compliance in school zones) Applications of 
Advanced Technology in Transportation - 
Proceedings of the Ninth International Conference 
on Applications of Advanced Technology in 
Transportation,  780-785 
Yes No, could not be 
retrieved 
5 Lee, C., Lee, S., Choi, B., &  Oh, Y. (2006). Effective-
ness of speed-monitoring displays in speed 
reduction in school zones. Transportation Research 
Record, 1973,  27-35 
Yes Yes 
6 Chang, K., Nolan, M. (2007). School zones and radar 
speed signs: A winning combination when children 
are present?  Institute of Transportation Engineers 
Annual Meeting and Exhibit 2007, 2, 875-881. 
The King County Department of Transportation tested 
the effectiveness of a flashing beacon against a radar 
speed sign, also known as a dynamic speed display sign, 
as part of a school zone safety pilot project. 
No, too limited 
7 Isebrands, H.N., Hallmark, S.L. (2007).  
School zone safety and operational problems at 
existing elementary schools. ITE Journal (Institute 
of Transportation Engineers), 77,  26-31 
The growing number of schoolchildren being dropped off 
or picked up in private vehicles poses significant 
challenges related to student safety and traffic 
operations in school zones. These private vehicles must 
compete for space at schools with buses, bicycles, and 
pedestrians. This study uses on-site observations, traffic 
data collection, and interviews with schools, law 
enforcement and traffic engineers to identify 
transportation safety issues at elementary school sites in 
Iowa 
No 
8 Simpson, C.L. (2008). Evaluation of effectiveness of 
school zone flashers in North Carolina. 
Transportation Research Record,2074,  21-28 
Yes Yes 
9 Brewer, M.A., & Fitzpatrick, K. (2009). 
Characteristics of operating speeds in school speed 
Yes, researchers conducted a study on characteristics of 
operating speeds within school zones in Texas to 
No, the 
Fitzpatrick et al 
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zones in Texas.  Institute of Transportation 
Engineers Annual Meeting and Exhibit 2009, 1,  
168-183 
determine possible relationships between speed and 
other school zone-related factors. The research team 
conducted a field study to collect data at school zones in 
17 locations across the state, and they analysed the data 
based on school speed limit, length of school zone, and 
duration of school zone, among other factors 
2010 (same 
study) is coded 
10 Warsh, J., Rothman, L., Slater, M., Steverango, C., 
& Howard, A. (2009). Are school zones effective? an 
examination of motor vehicle versus child 
pedestrian crashes near schools.  Injury Prevention, 
15, 226-229. 
Yes Yes 
11 Fitzpatrick, K., Brewer, M.A., & Park, E.S. (2010). 
Suggestions concerning school traffic control 
devices. Transportation Research Record, 2149, 1-
10 
Yes, researchers collected speed data at 24 school 
zones, focusing the analysis on unique characteristics of 
reduced-speed school zones, such as length, duration, 
and time of day relative to the start and end of school. Of 
particular interest was the finding that longer 
school zones do not result in lower speeds for a longer 
distance; speeds increased approximately 0.9 mph for 
every 500 ft of school zone length. Findings from the 
analysis and discussions with practitioners were used 
to develop guidelines for traffic control devices, including 
school speed zones, near schools in Texas. 
Yes 
12 Kattan, L., Tay, R., & Acharjee, S. (2011). Managing 
speed at school and playground zones. Accident 
Analysis and Prevention, 43,  1887-1891. 
Yes Yes 
13 O'Brien, S., & Simpson, C. (2012). Use of your speed 
changeable message signs in school zones. 
Transportation Research Record, 2318,  128-136 
The Safe Routes to School (SRTS) program, through a 
variety of tools, seeks to enable children to walk and 
bicycle safely to school. One such tool recently 
implemented through a program of the North Carolina 
Department of Transportation (DOT) is the use of speed 
feedback signs (“Your Speed” signs) to reduce vehicle 
speeds in school zones. The North Carolina DOT has no 
policy or standard for the use of these signs within school 
zones, and research illustrating the value of using 
permanently installed “Your Speed” signs in school zones 
is sparse. The Eastern Carolina Injury Prevention Program 
(ECIPP) applied for SRTS funding to install these signs as 
part of its education, encouragement, and enforcement 
project. The North Carolina DOT therefore initiated a 
study on the use of the signs in conjunction with ECIPP’s 
larger SRTS project. Significant findings of this study 
include a 3.0 mph (p < .0001) to 4.5 mph (p < .0001) 
reduction in speed sustained over a 12-month post-
installation period, suggesting that responses to “Your 
Speed” signs may not diminish as drivers become 
accustomed to the signs’ presence. 
Yes 
14 Ebrahim, Z., &  Nikraz, H. (2012). Harm 
minimisation in a school zone: A strategy for 
sustaining pedestrian safety. WIT Transactions on 
the Built Environment, 128, 165-172 
Focuses on enforcement actions around school zones 
(Australian study), but method and analysis are not very 
clearly described.  
No 
15 Ratanavaraha, V., & Watthanaklang, D. (2013) 
The effectiveness of temporary traffic calming 
devices on reducing speeds of traffic flow in school 
zones. Indian Journal of Science and Technology, 6,  
4478-4484 
Indian No 
16 Gregory, B., Irwin, J.D., Faulks, I.J., & Chekaluk, E. 
(2014). Speeding in school zones: Violation or lapse 
Two studies are reported which show that an interruption 
to a journey, caused by stopping at a red traffic light, can 
No 
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in prospective memory? Journal of Experimental 
Psychology: Applied, 20,  191-198 
result in failure to resume the speed of travel prior to the 
interruption (Study 1). In Study 2 we showed that the 
addition of a reminder cue could offset this interruption. 
These studies were conducted in a number of Australian 
school zone sites subject to a 40 km/h speed limit, 
requiring a reduction of between 20 km/h and 40 km/h. 
Motorists who had stopped at a red traffic signal sped on 
average, 8.27 km/h over the speed limit compared with 
only 1.76 km/h over the limit for those who had not been 
required to stop. In the second study a flashing “check 
speed” reminder cue, placed 70 m after the traffic lights, 
in the same school zones as those in Study 1 eliminated 
the interruptive effect of stopping with drivers resuming 
their journey at the legal speed. 
17 Rohani, M.M., Daniel, B.D., Aman, M.Y., Prasetijo, 
J., & Mustafa, A.A. (2014). The effect of speed 
camera warning sign on vehicle speed in school 
zones . Research Journal of Applied Sciences, 
Engineering and Technology, 8,  2315-2319 
Malaysian study No 
18 Rahman, M.M., & Strawderman, L. (2015).  The 
effect of sign saturation on driver speed limit 
compliance in school zones.  Proceedings of the 
Human Factors and Ergonomics Society, 2015-
January 
This study investigated the effect of school zone sign 
saturation on vehicle speed and compliance to school 
zone speed limit 
No 
19 Strawderman, L., Rahman, M.M., Huang, Y., & 
Nandi, A. (2015). Driver behavior and accident 
frequency in school zones: Assessing the impact of 
sign saturation. Accident Analysis and Prevention, 
82,  118-125 
Yes Yes 
20 Zhao, X.-H., Li, J.-H., Li, J.-F., Rong, J.  (2014). 
Experimental research on optimal design of school 
zone traffic safety facilities. Jiaotong Yunshu Xitong 
Gongcheng Yu Xinxi/Journal of Transportation 
Systems Engineering and Information Technology, 
14, 207-212. 
In Chinese language No 
21 Zhao, X., Li, J., Ding, H., Zhang, G., & Rong, J. 
(2015). A generic approach for examining the 
effectiveness of traffic control devices in school 
zones. Accident Analysis and Prevention, 82,  134-
142. 
Simulator study 
A Traffic Control Device Selection Model (TCDSM) is 
developed and two representative school zones are 
selected as the testbed in Beijing for driving simulation 
implementation to enhance its applicability. Statistical 
analyses are conducted to extract the knowledge from 
test data recorded by a driving simulator. Multiple 
measures of effectiveness (MOEs) are developed and 
adopted including average speed, relative speed 
difference, and standard deviation of acceleration for 
traffic control device performance quantification. 
No, study is 
about 
developing a 
method 
22 Zhao, X., Li, J., Ma, J., & Rong, J. (2016). Evaluation 
of the effects of school zone signs and markings on 
speed reduction: a driving simulator study.  
SpringerPlus, 5 (1), art. no. 789 
Yes 
This research conducted a driving simulator experiment 
to assess the effects of school zone signs and markings 
for two different types of schools. The efficiency of 
these traffic control devices was evaluated using four 
variables derived from the driving simulation, including 
average speed, relative speed difference, standard 
deviation of acceleration, and 85th percentile speed. 
Results showed that traffic control devices such as the 
Flashing Beacon and School Crossing Ahead Warning 
Assembly, the Reduce Speed and School Crossing 
Warning Assembly, and the School Crossing Ahead 
Pavement Markings were recommended for 
No, simulator 
study within 
Chinese context 
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school zones adjacent to a major multilane roadway, 
which is characterized by a median strip, high traffic 
volume, high-speed traffic and the presence of 
pedestrian crossing signals. The School Crossing Ahead 
Pavement Markings were recommended for school zones 
on a minor two-lane roadway, which is characterized by 
low traffic volume, low speed, and no pedestrian crossing 
signals 
 
3.2 DESCRIPTIPON OF CODED STUDIES 
 
Table 5 presents background characteristics of the coded studies. 
 
Table 5: Overview of main characteristics of coded studies 
Author(s), 
Year, 
Country  
Study type  Measure/feature 
studied 
Sample/Measurement Analysis 
Schrader, 
1999 
The effectiveness of 5 
different school zone 
traffic control devices 
was tested. Each was 
tested at a unique site. 
Speed data were 
obtained at each site 
before the devices 
were added and again 
1 month and 6 months 
after the devices were 
installed. 
The 5 devices tested in the 
study were fiber optic 
signs, spanwire-mounted 
flashing yellow beacons, 
post-mounted flashing 
yellow beacons, transverse 
lavender stripes, and large 
painted legends. 
3 criteria were used for the 
selection of sites:  
1. the site should be an 
unprotected crossing 
2. the site should be located on a 
collector (these streets have 
vehicular volumes that were high 
enough to create numerous 
potential vehicle-pedestrian 
conflicts but not high enough to 
discourage a significant number 
of pedestrian crossings) 
-  the site has a high number of 
students who walk to school.  
 
Vehicular speed data were 
collected with radar before any 
traffic devices were changed at 
the sites. Vehicular speed data 
were also collected 1 month after 
traffic device changes at the sites 
were implemented and again 6 
months after the changes were 
implemented 
a t-test was used to statistically 
analyse the data. for this 
analysis, the test hypothesis 
was that speeds decreased 
after the changes to the sites. 
Lee, 2006, 
South Korea 
This study investigated 
the performance of a 
Speed Monitoring 
Display (SMD) in 
reducing speed in 
school zones in 
Gwacheon City South 
Korea.  
The Speed Monitoring 
Display (SMD) showed a 
school zone sign (upper), a 
30 km/h limit sign (middle), 
and a display of vehicle 
speed (below). 
A before and two after 
measurement, short term and 
long term, were conducted to 
assess the effectiveness of the 
SMD. The before measurement 
took place 1 day before 
installation. The after 
measurements were done 2 
weeks and 12 months after 
Several dependent variables 
were calculated, including the 
average speed, the 85th 
percentile speed, and the 
coefficient of variation. 
Simpson, 
2008, USA, 
North 
Carolina 
The study objectives 
were to:  
- determine if flashers 
located in reduced-
speed school zones 
decrease speeds and 
increase speed 
In an attempt to provide 
more awareness of the 
school zone speed limit 
and at the request of 
schools, the North Carolina 
Department of Transpor-
tation (NCDOT  placed 
From December 2006 through 
March 2007, speed data 
collection was done with a Lidar 
gun, in both directions of travel,  
on typical weekdays (Tuesday, 
Wednesday, or Thursday) when 
school was in session. All data 
Various characteristics of the 
distribution of speeds were 
calculated and analysed, 
including the percentage of 
vehicles exceeding the speed 
limit, average speed, standard 
deviation, 85th percentile 
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Author(s), 
Year, 
Country  
Study type  Measure/feature 
studied 
Sample/Measurement Analysis 
compliance when 
compared with 
reduced-speed school 
zones without flashers 
- examine differences 
in vehicle speeds and 
compliance rates in 
school zones during 
reduced-speed school 
zone hours of 
operation (school 
time) versus hours 
outside the reduced-
speed school zone 
hours of operation 
(non-school time). 
flashing beacons on school 
zone signs where the 
North Carolina 
Administrative Code 
allowed. The flashers 
operated during the school 
zone hours of operation to 
provide an additional 
reminder of the 
reduced speed limit. 
collection was done under 
favourable, dry weather 
conditions. Speed data were 
collected at each site for the 
morning and afternoon school 
times for the entire duration 
(approximately 1 h) that the 
reduced speed limit was in 
effect. At least 100 speed 
samples or 1 h of data collection 
were also obtained at each site in 
the morning and afternoon 
during non-school-time hours. 
Non-school-time data collection 
began (ended) at least 30 min 
after (before) the school time. 
Data collectors targeted only 
unimpeded vehicles that were 
setting their own speed.   
speed, and pace speed. 
Fitzpatrick, 
2010, USA, 
Texas 
The main study aim 
was to determine how 
school zone 
characteristics affect 
vehicle speeds when 
the School Speed 
Limit was in effect.  
School zone characteristics 
studied were: 
- length of school zone 
- presence of crosswalk 
- presence of sidewalk 
- rural vs. urban 
- access density and school 
driveway density 
- number of lanes 
- the time increment from 
the start or end of the 
school 
The research team collected 
speed data in school speed zones 
to determine the predominant 
speed patterns when the zones 
were active. Studies were 
conducted at 24 school sites in 
Texas. Elementary and middle 
schools located on higher-speed 
roadways were emphasized in 
the selection of study sites 
3 speed types speed data were 
analysed:  
- Average speeds of vehicles in 
an active school zone obtained 
from 30 data sets (laser data 
sites and counter data sites, 
subdivided by direction of 
travel at six sites in which data 
were collected in both 
directions), number of obser-
vations (n) = 30. 
- Spot-speed data obtained 
from individual vehicle speeds 
for vehicles in an active school 
zone, n = 24,829. 
- Speed–distance data 
obtained from individual 
vehicle speeds along the entire 
active school zone distance 
measured when beacon is on, n 
= 59,966. 
O’Brien, 
2012, USA, 
North 
Carolina 
This study investiga-
ted if “Your Speed” 
signs located in the 
school zone decreased 
speeds, and whether 
speed changes differed 
between school time 
and non-school time  
The features of the “Your 
Speed” sign included :  
- Displaying amber-lighted 
steady numerals for 
speeds below and up to 5 
mph above the posted 
speed limit and flashing 
numerals for speeds 
between 6 and 20 mph 
above and a pattern (no 
numeral) for speeds 21 
mph or more above. 
- Operating only during the 
designated times.  
- Using a strong yellow–
green colour for the sign 
backing 
 
A lidar gun was used to collect 
speed data in both directions of 
travel. Data were collected 
before the signs were installed 
and at 1-, 3-, 6-, and 12-month 
intervals post-installation from 
November 2009 through 
October 2010. 
Speed data were organized by 
school time and non–school 
time sets for analysis. Various 
speed characteristics were 
calculated for each group 
analysed, including the 
percentage of vehicles 
exceeding the speed limit, 
average speed, 85th percentile 
speed, standard deviation, and 
pace speed. Average speeds 
before and after installation of 
the “Your Speed” signs were 
compared by using two-sided 
unpaired t-tests. 
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Author(s), 
Year, 
Country  
Study type  Measure/feature 
studied 
Sample/Measurement Analysis 
Strawder-
man, 2015, 
USA,  
Mississipi 
This study examined 
the impact of school 
sign saturation on 
speed and accident 
frequency.  
Sign saturation can be 
defined as the density of 
school zones around a 
reference school zone. For 
this study, sign saturation 
was quantified as the total 
number of other school 
zones within a 10 mile 
radius of the school zone 
being studied. Sign 
saturation had two levels: 
high saturation and low 
saturation 
In study 1, driver behaviour 
(vehicle speed and speed limit 
compliance) in school zones was 
studied. For this study, four 
school zones were selected for 
data collection. In selecting the 
school zones sign saturation 
level, road type (number 
of lanes) and few control 
variables (Table 1) were taken 
into consideration. The complete 
dataset for this study included 
168 h (7 days x 24 h) of vehicle 
speed for four school zones. 
Study 2 investigated the effect of 
sign saturation on accident 
frequency in school zones. Data 
for this study included the 
number of traffic 
accidents for a year of each 
school zone (n = 79) in Northeast 
Mississippi (MDOT district 1). 
A 2 x 2 factorial ANOVA was 
performed to investigate the 
effects of the sign saturation 
and road type variable (2/4lane 
road) on vehicle speed. Mann–
Whitney U test were used to 
test differences in accident 
frequencies for high/low sign 
saturation and for 2-lane vs.  4-
lane roads. 
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1 Summary 
Quigley, C, June 2017 
 
 
 
Colour Code – Green 
The results from available literature show that overall, accident/casualty rates and vehicle speeds 
reduce when 30km/h and 20mph zones are implemented and, where available, the results are 
statistically significant for a variety of conditions. Two of five studies did not undertake statistical 
analysis, but many of the non-significant results showed speed reductions and lower 
accident/casualty rates, which suggests that 30km/h zones do improve safety overall. 
 
Keywords 
30km/h zones, 20mph zones, speed limit, countermeasure, accident rate, casualty rate, physical 
speed reducing measures. 
 
1.1 ABSTRACT 
30km/h or 20mph zones are found mainly in residential and urban areas. They aim to reduce vehicle 
speeds, often using other physical speed-reducing measures to further encourage slower driving 
speeds. This improves safety for all road user types. The effects of implementing 30km/h zones were 
investigated by analysing the results of five before-after studies to identify whether these zones 
affect vehicle speeds, accident numbers and casualty numbers. The findings showed that 30km/h 
zones did result in reduced speeds and reduced accidents/casualties, and in two of the five papers, 
the results were statistically significant. Significant results were also found when looking at specific 
groups of accidents and road user types. 30km/h zones were found to be less effective in reducing 
speeds and accidents when no structural measures were also implemented. This implies that 30km/h 
zones only work effectively if other physical speed reducing measures are implemented alongside 
the reduced speed limit. This topic has been fairly well studied, but not across many different 
countries and not always using statistical analysis, which will limit the transferability potential of 
these results. However, overall the results did show reductions in speeds and accidents/casualties, 
which indicates that 30km/h zones are an effective safety measure. 
 
1.2 BACKGROUND 
1.2.1 How are 30km/h zones defined? 
In this synopsis, 30km/h zones1 are defined as areas where either 30km/h or 20mph (in the UK) speed 
limits are used to reduce vehicle speeds, with the aim of increasing safety for all roads users, 
particularly pedestrians and cyclists (ROSPA, 2017). Other physical speed-reducing measures are 
often used alongside the reduced speed limit (e.g. speed humps, chicanes, etc.) to increase the 
likelihood of drivers adhering to the speed limit. In this way they are similar to traffic calming 
schemes, but unlike them, these zones will always have a 30km/h or 20mph limit. They are typically 
located in residential and other urban areas, and in rural villages locations, often near schools. 
 
                                                                 
1 In this synopsis, zones are defined as 30km/h by default, but this definition also encompasses 20mph zones (unless 
referring to a specific report where zones are defined as one type or the other). 
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1.2.2 How can the implementation of 30km/h zone schemes affect road safety? 
30km/h zones can affect road safety in a positive way by encouraging motor vehicle drivers to slow 
down, particularly when there are physical speed reducing measures in the zone to help further 
encourage slower speeds. Slower speeds inherently lead to safer roads as drivers are better able to 
control their vehicles and avoid potential collisions.  Research has shown that at impact speeds 
under 30km/h pedestrians are more likely to survive, whereas with impact speeds around 50km/h, 
serious and fatal injuries are more likely (Taylor  et al.., 2000; Rosen & Sander, 2009). 
 
1.2.3 Which safety outcomes are affected by the implementation of 30km/h zones? 
The three main safety outcomes affected by the implementation of 30km/h zones are accident 
rates, injury rates and vehicle speeds. In addition, some literature also considered traffic flow as a 
potential safety outcome that could be affected by 30km/h zone implementation, but this was only 
found in one study. Hence, it was decided that focussing on the three main safety outcomes would 
provide sufficient detail to investigate this topic and that including traffic flow analysis would have 
an insignificant effect on the results, as it is a weaker safety indicator than accidents, injuries and 
vehicle speeds. 
 
1.2.4 How is the effect of the implementation of 30km/h zones studied? 
The effect of the implementation of 30km/h zones is generally studied by choosing a group of areas 
where 30km/h or 20mph speed limits have already been implemented. The studies typically examine 
accident rates, casualty rates and vehicle speeds for a set time prior to and after zone 
implementation, to determine whether any changes have occurred.  
 
Most studies looked at a group of schemes across an area/city/country. All of the papers found were 
before-after studies, which investigated whether accident/casualty rates or speeds were reduced 
once the 30km/h zones had been introduced. The data was then examined using absolute 
differences before and after zone implementation. Chi-squared tests and t-tests were used for 
statistical analysis. 
 
1.3 OVERVIEW OF RESULTS 
Overall, the results across the five before-after studies showed that the implementation of 30km/h 
zones reduces the occurrence of accidents, injuries and vehicle speeds. In two studies, the results 
were statistically significant overall for accidents and casualties, and for specific groups of accidents 
(e.g. Killed & Seriously Injured (KSI) accidents, large/medium towns/cities, small towns/villages) or 
user groups (e.g. pedestrians, cyclists, Powered Two Wheelers, child casualties, car occupants). 
Vehicle speeds were found to significantly reduce when the zones were in urban or rural/village 
areas, when structural measures were implemented alongside the reduced speed limit, and when 
the ‘before’ speed was over 24mph (39km/h). When HGV and bus/coach occupants were analysed 
separately the results were found to be not significant (for casualty numbers). This was also the case 
for vehicle speeds when 30km/h zones were implemented without any structural measures. 
  
1.4 NOTES ON ANALYSIS METHODS 
In two of the five studies no statistical analysis was undertaken. Hence, for these studies it is not 
known whether any differences in results seen before and after implementation were significant. In 
four studies, the 30km/h zones included had other physical speed-reducing measures implemented 
alongside the reduced speed limit. In the fifth study, the only before-after change was the speed 
limit itself, and in the results the reduced vehicle speeds were not significant (Department for 
Transport & Atkins, 2010). However, in Lindeman (2005), zones with structural measures did result 
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in significantly slower speeds. To conclude, this topic has been fairly well studied across different 
conditions, although the range of countries it has been studied in appears to be limited (UK, 
Switzerland). This may slightly limit the transferability potential of the results. 
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2 Scientific Overview 
 
 
2.1 LITERATURE REVIEW  
2.1.1 DESCRIPTION OF AVAILABLE STUDIES 
 
Five studies were selected as appropriate for inclusion in the synopsis of the measure 
“implementation of 30 zones”. All five studies looked at locations where speed limits had been 
lowered to 30km/h (or 20mph), often alongside a number of other road safety measures (e.g. 
markings, signs, etc.), in order to help reduce traffic speeds and improve safety for vehicle drivers, 
cyclists and pedestrians using these areas. 
 
Across the five studies, accident, casualty and vehicle speed data was analysed before and after the 
30km/h and 20mph zones had been installed. 
 
In four of the five studies, accidents of varying severity, on various road types, and in various 
locations were investigated alongside ‘all’ accidents. Casualty level was also investigated and 
included, looking at specific road user type involvement (e.g. pedestrian, cyclist, powered two-
wheeler, etc.). Vehicle speed data was also analysed in three studies, which focused on urban and 
rural areas. The data was recorded at 3 months and 12 months after zone implementation, and the 
studies investigated the effects of the presence of structural measures on the speeds. 
 
Four of the five studies were conducted in the UK, and the fifth in Switzerland. Where available, 
accident/casualty data was collected between three and five years before implementation, and one 
and three years after implementation. In Yannis et al., the before-after accident data collection 
periods were approximately five years. For speed data, no information was provided for the ‘before’ 
time period, but in one study (DfT & Atkins, 2010) ‘after’ speed data was collected up to 3 months 
and 12 months after implementation. 
 
Results were either provided as absolute differences in mean accident and casualty rates, rates per 
year/per km of road, or changes in mean/85th percentile speeds, and where statistical analysis was 
undertaken, t-tests and Chi-squared tests were used.  
 
Table 1 shows the overview of these coded studies. 
 
Table 1: Descriptions of coded studies on implementation of 30km/h & 20mph zones 
Author,  
Year, 
Country 
Sample, method/design  
and analysis 
 
Reference 
group 
Additional 
information on 
analysis 
Grundy  et 
al., (2008), 
UK  
Before-after study, with 
accident and casualty data 
from across 399 20mph 
schemes implemented in 
London since 1991. Accident 
data is displayed as the total 
number of accidents on all the 
399 roads before the 20mph 
zones were implemented 
Change in the number of 
accidents and casualties per 
km before and after 
implementation of 20mph 
zones 
Number of 
accidents/ 
casualties 
before the 
implementation 
of 20mph zones 
No statistical analysis was 
carried out on these results. 
The following road types were 
investigated: 
- All 
- Motorways 
- A-roads 
- B-roads 
- Minor roads 
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Author,  
Year, 
Country 
Sample, method/design  
and analysis 
 
Reference 
group 
Additional 
information on 
analysis 
compared with the total 
number of accidents after the 
zones were implemented, 
ranging between the years 
1986 and 2006 (1986-1990 is 
before-only data). 
Other roads (e.g. private roads) 
Webster & 
Layfield 
(2007), UK 
Before-after study, with 
accident and casualty data 
from across 78 20mph zones 
implemented across London. 
Data was collected from zones 
implemented between 1989 
and 2003, and all zones 
included had at least 5 years 
‘before’ data and at 
approximately 3 years ‘after’ 
data.  
Changes in percentage of 
accidents/ casualties (‘all’ and 
‘KSI’) before and after 
implementation of 20mph 
zones 
 
Chi-squared tests used 
Accidents/ 
casualties 
before 
implementation 
of 20mph zones 
The following casualty types 
were investigated: 
- pedestrian 
- child pedestrian 
- cyclist 
- child cyclist 
- powered two wheeler 
- car occupant 
- child car occupant 
- HGV occupant 
- Bus/coach occupant 
Lindenmann 
(2005), 
Switzerland 
Before-after study, with 
accident and casualty data, plus 
vehicle speed data from across 
21 30km/h zones across 
Switzerland. Data was 
collected from zones which had 
been in existence for ‘several 
years’ so that enough before 
and after data would be 
available to analyse (specific 
years not specified). 
Changes in percentage of 
accidents/casualties per year 
and changes in 50th and 85th 
percentile vehicle speeds 
before and after 
implementation of 30km/h 
zones 
 
Chi-squared tests and t-tests 
used 
Accidents/ 
casualties/ 
vehicles speeds 
before 
implementation 
of 20mph zones 
The following crash groups 
were investigated: 
- medium/large towns & cities,  
- small towns/villages 
- all locations 
 
Also, areas (zones) with and 
without ‘structural measures’ 
were investigated. 
 
 
Department 
for Transport, 
(2000), UK 
Before-after study, with vehicle 
speed data from 2 locations 
within a 20mph zone in South 
Manchester, UK. Data was 
collected from the two 
locations before 
implementation (length of time 
not known) and 3 months and 
12 months after 
implementation. 
Changes in mean and 85th 
percentile vehicle speeds 
before and 3 months and 12 
months after implementation 
of 20mph zone 
Vehicle speeds 
before 
implementation 
of 20mph zone 
Vehicle speed data was taken 
at 2 locations in the 20mph 
zone:  
- Northumberland Rd (Site 1) 
- Ayres Rd (Site 2) 
 
Only 2-way speed data is 
included in the synopsis. 
Department 
for Transport 
& Atkins 
(2010), UK 
Before-after study, with 
accident and casualty data, plus 
vehicle speed data, from across 
6 sectors in Portsmouth, UK 
(159 monitored sites across 
these 6 sectors in the speed 
surveys). Accident/casualty 
data was collected 3 years 
before and 1 year after 
implementation (not specified 
for speed data). 
Changes in mean annual 
accident/casualty numbers, 
and changes in mean vehicle 
speeds before and after 
implementation of 20mph 
zones  
 
Statistical analysis was 
reportedly carried out, but 
the specific tests used were 
not stated 
Annual mean 
accident/ 
casualty 
numbers and 
mean speeds 
before 
implementation 
of 20mph zones 
Slight, KSI and All 
accident/casualties were 
investigated. 
 
2.1.2  STUDY RESULTS 
 
The results across all five studies showed that overall, the implementation of 30/20 zones reduced 
accident rates, casualty rates and vehicle speeds. Where statistical analysis was carried out, 
significant results were found for all accidents, for KSI accidents, and accidents in both town/cities 
and small towns/villages. Significant results were also found when investigating casualty numbers 
before and after implementation, again for all casualties, KSI casualties and villages/town/cities, but 
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also for specific road user types (e.g. pedestrian, cyclists). Some vehicle speed results were also 
found to be statistically significant. 
 
Webster and Layfield (2007) also conducted a before-after design study to investigate the 
implementation of 20mph speed limit zones throughout the London boroughs and its effect on 
accident and casualty numbers. Using Chi-squared tests, the results found that accident and 
casualty numbers were significantly reduced when looking at all accidents, KSI accident rates and 
casualty rates, and also when looking at all road user types (e.g. pedestrians, cyclists, child 
casualties, powered two-wheelers, car occupants), with the exception of HGV and bus/coach 
occupants. 
 
Lindenmann (2005) investigated the effect of the implementation of twenty one 30km/h zones 
across Switzerland, on accident rates, casualty rates (per year), and vehicle speeds, using a before-
after study design. Using Chi-squared tests, significant reductions in casualty and accident rates 
were found when implementing the zones in both large towns/cities and small towns/villages. Using 
t-tests, significant reductions in speeds (both 50th and 85th percentile) were also found in these 
locations, plus reductions were found when 30 zones with structural measures were implemented. 
However, in the analysis of 30 zones with no implemented structural measures, no significant 
decreases were seen, and a non-significant increase in vehicle speeds was found. This suggests that 
reducing the speed limit alone does not effectively reduce vehicle speeds: additional physical 
measures are required (e.g. signs, markings, narrowings etc.). 
 
A more recent study by the Department for Transport and Atkins (2010) investigated the 
implementation of 20mph zones in Portsmouth, UK, and recorded accident rates, casualty rates, 
and vehicle speeds before and after implementation of the zones. Reductions in casualty and 
accident numbers were found when looking at all accident/casualties and slight accidents/casualties, 
but not for KSI accidents/casualties. This is mainly due to the low numbers of KSI accidents before 
and after implementation at these sites. A slight reduction in overall average vehicle speeds was also 
found. However, none of these were found to be statistically significant. Additionally, in the text of 
the study it was reported that at sites where the average ‘before’ speed was over 24mph, the 
average speed was reduced by 7mph after implementation, which is statistically significant. 
 
Grundy et al. (2008) undertook a before-after study of the 399 20mph zones implemented across 
London up to 2006. The study investigated collisions and casualties per km of road on different road 
types, and found reductions in the collision and casualty rates on all road types (A, B, minor, other 
roads). However, as no statistical analysis was undertaken, it is not known whether any of these 
results are statistically significant. 
 
The Department for Transport (2000) looked at the implementation of a 20mph zone in South 
Manchester, UK, and collected speed data from two locations before and after the zone was 
implemented. For both three months and 12 months after implementation, reductions in mean 
speeds were found at both locations. However, as no statistical analysis was undertaken, it is not 
known whether these mean speed reductions are statistically significant. It was noted that the 
speed reductions at both sites were lower after 12 months than after 3 months, which indicates that 
the initial safety effect of the zone implementation reduces over time. 
 
Table 3 in the supporting document presents an overview of the main outcome of coded studies that 
address the implementation of 30km/h and 20mph zones. 
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2.1.3 DESCRIPTION OF ANALYSIS CARRIED OUT 
It was decided that a vote count would be undertaken on the overall results of the five studies 
selected as the most appropriate to code for this topic.   
 
Table 2 shows the results of the vote count analysis for the five studies included in this synopsis. 
Care was also taken to ensure that data was not counted twice from the same study. For example, in 
each study, if overall (‘all accidents’ or equivalent) results were included, then sub-groups of 
accidents (e.g. pedestrian crashes) were not included, as this data would already be included in the 
‘all accidents’ results. The table shows that 40% of the studies (n=2) showed significant reduced risk 
(and therefore increased safety) when 30 and 20 zones were implemented, in terms of accident rate, 
casualty rate and vehicle speeds. When looking at the outcomes separately, for accident rate and 
casualty rate, it was 50% and for vehicle speed, it was 33%.  
 
Table 2: Vote count result of comparing “implementation of 30 zones” studies in terms of accident 
rate, casualty rate and speed 
Outcome 
definition 
Tested in 
no. of 
studies 
Result (no. of 
studies) 
Result (% of 
studies) 
Result (no. 
of effects) 
Result (% of 
effects) 
↑ - ↓ ↑ - ↓ ↑ - ↓ ↑ - ↓ 
Accident rate 4 - 2 2 - 50% 50% - 6 3 - 67% 33% 
Casualty rate 4 - 2 2 - 50% 50% - 8 6 - 57% 43% 
Vehicle speed 3 - 2 1 - 67% 33% - 11 6 - 65% 35% 
Total 5 - 3 2 - 60% 40% - 25 15 - 62.5% 37.5% 
 
When analysing the number of effects, the results indicate that 67% (n=6) of the reported effects led 
to a significant decrease in accident rate. For casualty rate, it was 57% (n=8) and for vehicle speed, it 
was 65% (n=11).   
  
These results are partly due to the fact that only three of the five studies undertook statistical 
analysis on their results. In two of the three studies where ‘no changes’ were found, changes were 
actually found in terms of a reduction in accidents/casualties/speeds. However, as no statistical 
analysis was undertaken, it is not known whether the changes were statistically significant. 
 
2.2  CONCLUSION 
 
Overall, it was found that the implementation of 20mph and 30m/h zones appears to affect safety in 
a positive way, and in the studies included, leads to overall reduced accident rates, casualty rates 
and vehicle speeds, as seen from the vote count in Table 2.  
 
Additionally, significant reductions in accident rates were also found when looking at specific groups 
of accidents, such as KSI accidents, accidents in large/medium towns/cities and accidents in small 
towns/villages. For casualty rates, significant reductions were also found when focussing on specific 
groups of road users (e.g. pedestrians, cyclists, PTWs, child casualties, car occupants). In terms of 
transferability this topic has been investigated across a range of conditions in these studies, 
although as four of the five studies were from the UK, this does slightly reduce the transferability 
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effects. Therefore, it is not clear whether similar results would be found in other countries across 
Europe and the rest of the world. 
 
Vehicle speeds were found to significantly reduce when the zones were implemented in urban or 
rural/village areas and when structural measures were implemented alongside the reduced speed 
limit. From the results reported in the Department for Transport & Atkins study (2010), speeds were 
significantly reduced after implementation, but only when the average ‘before’ speed was over 
24mph. This implies that 20 and 30 zones have the greatest effect when speeds are higher before 
implementation. 
 
Where statistical analysis was carried out, Webster and Layfield (2007) found that although HGV and 
bus/coach occupant casualty numbers did drop after implementing the 20mph zone, the decrease 
was not as statistically significant as it was with other casualty types. However, the casualty 
numbers were considerably lower for occupants of these large vehicles, even before the 20mph 
zones were installed (18 for bus/coach and 36 for HGV) when compared with other road user types 
(ranging from 75 for child car occupants to 870 for all car occupants). This could partly explain why 
the result was not statistically significant. 
 
The results also showed that implementing structural measures alongside the reduced speed limit in 
a 20mph or 30km/h zone has a much greater effect than reducing the speed limit alone 
(Lindenmann, 2005). This is illustrated by the fact that in the Department for Transport & Atkins 
study (2010), it is mainly concerned with areas where 20mph speed limits have been implemented 
without any other structural measures, and the reduced speeds and accident casualty numbers were 
found not to be statistically significant. This implies that implementing a reduced speed limit alone 
is not as effective at reducing speeds and accident numbers than when other additional physical 
speed measures are implemented. 
 
Overall, these results would generally be expected because the main aim of a 20mph or 30km/h 
zone is to reduce the speed of vehicles using the roads within the zones, and a direct influence of 
this would be reduced accidents and casualties, particularly for the more vulnerable road users (e.g. 
pedestrians and cyclists and child casualties). This would also be the case for accidents involving 
more serious injuries, as there is considerable existing evidence to show that reduced vehicle speeds 
lead to reduced accident rates, particularly in urban areas (for example, see Taylor  et al., 2000). 
However, many of these studies do not make it clear to what extent other external factors have 
been taken into account. These factors may affect how much the reduction in speed/accident rates 
is actually as a result of the installation of the 20mph or 30km/h zone, or other factors (e.g. weather, 
time of day, etc.).  
 
Also, every 20 or 30 zone will vary in terms of the number and specific type of speed-reducing 
measures installed alongside the reduced speed limit, and this is likely to affect accident numbers. It 
would be beneficial for road planners to examine these results, alongside those of specific 
engineering measures (e.g. speed humps, etc.) to understand which measures may have a greater 
impact on safety and would be the most effective in a 20mph or 30km/h zone. 
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3 Supporting Documents 
 
 
3.1 DESCRIPTION OF THE STUDIES IDENTIFIED FOR INCLUSION IN SYNOPSIS 
In total, five studies were identified as being the most relevant for this synopsis on implementation 
of 30km/h and 20mph zones.  
 
Grundy et al. (2008) describe the effect of 20mph zones on collisions and casualties in London. The 
data provided shows the absolute difference in collisions and casualties from 1986 to 2006, before 
and after the implementation of the 20mph zones, based on data collected from the 399 zones 
implemented during these years. The study design was identified as before-after, and the outcome 
variables were coded as collisions and casualties. The report includes a number of tables regarding 
casualties and collisions in six road types (motorways, A-roads, B-roads, Minor roads and ‘other’ 
roads (e.g. private roads)). However, as no statistical analysis was undertaken on the results, the 
statistical significance of any differences found is not known. In total it was shown that the 
implementation of 20mph zones showed an increase in traffic safety for all road types. 
 
The report by Webster and Layfield (2007) looks at the implementation of 20mph speed limit zones 
throughout the London boroughs. A before-after study design was used with a ‘before’ period of five 
years and an after period of three years (between 1989 and 2003). The study included investigating 
the effect of 20mph zones on the number of accidents and casualties per year and per site, and the 
report presents results for a number of road user types. Chi-squared tests were used to investigate 
whether any differences in the results before and after implementation were significant. In general, 
it was found that the 20mph zones effectively reduced accidents and casualties in the areas where 
they were installed. 
 
Lindenmann (2005) is a before-after study which investigated the effect of twenty one 30kmh zones 
implemented in towns and municipalities across Switzerland. Data was collected from zones that had 
been in existence for several years, so that enough before and after data was available for analysis. 
Results were presented for the occurrence of accidents, the number of accident victims and the 
changes in behaviour with regards to speed. These three variables were coded as the outcomes, 
while the implementation of 30kmh zones was coded as the exposure. For the variables of accident 
occurrence and accident victims the average rate was presented before and after the 
implementation of the zones, with results backed up by Chi-squared tests. The changes in speed 
behaviour were backed up by t-tests and these were also coded. In addition to examining various 
area types (e.g. medium/large towns & cities, small towns/villages), the study looked at 20mph zones 
where no structural measures were implemented alongside the reduction in speed limit, plus zones 
where the structural measures had been implemented, to see whether the same speed changes 
were seen with and without structural changes. In general, it was found that the installation of 
30km/h zones decreased all of the aforementioned variables significantly, hence increasing road 
safety. The only before-after comparison that did not result in a reduction in speed was when a 
20mph zones was implemented with no structural measures (i.e. just a change in speed limit). 
 
The study by the Department for Transport (2000) looked at the implementation of a 20mph zone in 
South Manchester, UK and collected data from two locations within this zone. Designed as a before-
after study, the outcomes are presented for mean speeds and noise. However, as noise is not an 
indicator of road safety, only the speed results were coded. Data was collected from the two 
locations before implementation (length of time not known) and three months and 12 months after 
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implementation. The results demonstrate the difference in the mean vehicle speed and the 85th 
percentile for each travel direction as well as the 2-way effect, although only the 2-way speed data is 
included in this synopsis. The results show that in Northumberland Road (Site 1) the 20mph zone 
lead to speed reductions of 13-14mph three months after implementation, and approximately 
11mph after 12 months. In Ayres Road (Site 2), the speed reductions were less (3-5mph after three 
months, 0.5-3mph after 12 months). A reduction in the effects on speed changes was seen between 
three months and 12 months after implementation. However, as no statistical analysis was 
undertaken, it is not known whether any of these reductions in speeds were statistically significant. 
 
The study by the Department for Transport and Atkins (2010) presents the results of analysing the 
implementation of 20mph zones in Portsmouth, UK. It is designed as a before-after study and 
includes data from across six sectors in the city. Accident and casualty data was collected three years 
before and one year after implementation, and displayed as ‘annual mean’ accident and casualty 
numbers in the results. Speed data was also collected, but the length of collection time was not 
specified. For traffic speed, 159 sites were monitored across the six sectors in Portsmouth. Regarding 
severity, slight, KSI and ‘All’ accident and casualty data was provided. Although all results were 
reported as being statistically non-significant, reductions in vehicle speeds were noted, as were 
reductions in accident/casualty severities (all, slight). For KSI accidents/casualties, no change 
(casualties) and an increase (accidents) was seen. Although reductions in speed overall were not 
significant, it was reported that at sites where the average ‘before’ speed was over 24mph, the 
average speed was reduced by 7mph after implementation, which was a statistically significant 
result. 
 
 Table 3 illustrates an overview of the main features and outcomes of the five coded studies. 
 
Table 3: Main outcomes of coded studies on implementation of 30 zones 
Author, 
Year, 
Country 
Exposure 
variable 
Outcome variable / 
Outcome type  
Effects Main outcome - description 
Grundy  et 
al. (2008). 
UK 
Implementation 
of 20mph zones 
Differences in number of 
collisions per km of road – all 
road types 
- Reduction 
of 0.76 
 
Reduction in number of collisions per km of 
road on all road types when 20mph zone 
implemented – statistical significance 
unknown 
Differences in number of 
collisions per km of A-roads 
- Reduction 
of 5.05 
Reduction in number of collisions per km of 
A-roads when 20mph zone implemented – 
statistical significance unknown 
Differences in number of 
collisions per km of B-roads 
- Reduction 
of 4.84 
Reduction in number of collisions per km of 
B-roads when 20mph zone implemented – 
statistical significance unknown 
Differences in number of 
collisions per km of minor roads 
- Reduction 
of 0.69 
Reduction in number of collisions per km of 
minor roads when 20mph zone 
implemented – statistical significance 
unknown 
Differences in number of 
collisions per km of other roads 
(e.g. private roads) 
- Reduction 
of 0.1 
Reduction in number of collisions per km of 
other roads when 20mph zone 
implemented – statistical significance 
unknown 
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Author, 
Year, 
Country 
Exposure 
variable 
Outcome variable / 
Outcome type  
Effects Main outcome - description 
Differences in number of 
casualties per km of road – all 
road types 
- Reduction 
of 0.16 
Reduction in number of casualties per km of 
road on all road types when 20mph zone 
implemented – statistical significance 
unknown 
Differences in number of 
casualties per km of A-roads 
- Reduction 
of 0.35 
Reduction in number of casualties per km of 
A-roads when 20mph zone implemented – 
statistical significance unknown 
Differences in number of 
casualties per km of B-roads 
- Reduction 
of 0.82 
Reduction in number of casualties per km of 
B-roads when 20mph zone implemented – 
statistical significance unknown 
Differences in number of 
casualties per km of minor roads 
- Reduction 
of 0.15 
Reduction in number of casualties per km of 
minor roads when 20mph zone 
implemented – statistical significance 
unknown 
Differences in number of 
casualties per km of other roads 
(e.g. private roads) 
- Reduction 
of 0.03 
Reduction in number of casualties per km of 
other roads when 20mph zone 
implemented – statistical significance 
unknown 
Webster & 
Layfield 
(2007), UK 
Implementation 
of 20mph zones 
Percentage change in the 
number of all accidents in 78 
zones in London 
↘ 43% 
reduction,  
99% CI 
Significant decrease in the percentage of all 
accidents when 20mph zones implemented 
Percentage change in the 
number of KSI accidents in 78 
zones in London 
↘ 56% 
reduction, 
95% CI 
Significant decrease in the percentage of 
KSI accidents when 20mph zones 
implemented 
Percentage change in the 
number of all casualties in 78 
zones in London 
↘ 46% 
reduction, 
99% CI 
Significant decrease in the percentage of all 
casualties when 20mph zones implemented 
Percentage change in the 
number of KSI casualties in 78 
zones in London 
↘ 60% 
reduction, 
95% CI 
Significant decrease in the percentage of 
KSI casualties when 20mph zones 
implemented 
Percentage change in the 
number of pedestrian casualties 
in 78 zones in London 
↘ 40% 
reduction, 
95% CI 
Significant decrease in the percentage of 
pedestrian casualties when 20mph zones 
implemented 
Percentage change in the 
number of child pedestrian 
casualties in 78 zones in London 
↘ 40% 
reduction, 
95% CI 
Significant decrease in the percentage of 
child pedestrian casualties when 20mph 
zones implemented 
Percentage change in the 
number of cyclist casualties in 78 
zones in London 
↘ 33% 
reduction, 
95% CI 
Significant decrease in the percentage of 
cyclist casualties when 20mph zones 
implemented 
Percentage change in the 
number of child cyclist casualties 
in 78 zones in London 
↘ 59% 
reduction, 
95% CI 
Significant decrease in the percentage of 
child cyclist casualties when 20mph zones 
implemented 
Percentage change in the 
number of powered to wheeler 
casualties in 78 zones in London 
↘ 41% 
reduction, 
95% CI 
Significant decrease in the percentage of 
powered two wheeler casualties when 
20mph zones implemented 
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Author, 
Year, 
Country 
Exposure 
variable 
Outcome variable / 
Outcome type  
Effects Main outcome - description 
Percentage change in the 
number of car occupant 
casualties in 78 zones in London 
↘ 57% 
reduction, 
95% CI 
Significant decrease in the percentage of 
car occupant casualties when 20mph zones 
implemented 
Percentage change in the 
number of child car occupant 
casualties in 78 zones in London 
↘ 51% 
reduction, 
95% CI 
Significant decrease in the percentage of 
child car occupant casualties when 20mph 
zones implemented 
Percentage change in the 
number of HGV occupant 
casualties in 78 zones in London 
- 33% 
reduction, 
95% CI 
Non-significant decrease in the percentage 
of HGV occupant casualties when 20mph 
zones implemented 
Percentage change in the 
number of bus/coach occupant 
casualties in 78 zones in London 
- 24% 
reduction, 
95% CI 
Non-significant decrease in the percentage 
of bus/coach occupant casualties when 
20mph zones implemented 
Lindenmann 
(2005), 
Switzerland 
Implementation 
of 30km/h zones 
Percentage change in accidents 
per year in large/medium-sized 
towns/cities 
↘ 3.8% 
reduction, 
95% CI 
Significant decrease in the percentage of 
accidents per year in large/medium-sized 
towns/cities when 30km/h zones 
implemented 
Percentage change in accidents 
per year in small towns/villages 
↘ 29% 
reduction, 
95% CI 
Significant decrease in the percentage of 
accidents per year in small towns/villages 
when 30km/h zones implemented 
Percentage change in accidents 
per year in all locations 
↘ 14.8% 
reduction, 
95% CI 
Significant decrease in the percentage of 
accidents per year in all locations when 
30km/h zones implemented 
Percentage change in casualties 
per year in large/medium-sized 
towns/cities 
↘ 14.5% 
reduction, 
95% CI 
Significant decrease in the percentage of 
casualties per year in large/medium-sized 
towns/cities when 30km/h zones 
implemented 
Percentage change in casualties 
per year in small towns/villages 
↘ 45% 
reduction, 
95% CI 
Significant decrease in the percentage of 
casualties per year in small towns/villages 
when 30km/h zones implemented 
Percentage change in casualties 
per year in all locations 
↘ 27.5% 
reduction, 
95% CI 
Significant decrease in the percentage of 
casualties per year in all locations when 
30km/h zones implemented 
Change in 50th percentile speed 
in urban areas  
↘ 6.7km/h 
reduction, 
95% CI 
Significant decrease in 50th percentile speed 
in urban areas when 30km/h zones are 
implemented 
Change in 85th percentile speed 
in urban areas  
↘ 7.4km/h 
reduction, 
95% CI 
Significant decrease in 85th percentile speed 
in urban areas when 30km/h zones are 
implemented 
Change in 50th percentile speed 
in rural and village areas  
↘ 5.9km/h 
reduction, 
95% CI 
Significant decrease in 50th percentile speed 
in rural/village areas when 30km/h zones are 
implemented 
Change in 85th percentile speed 
in rural and village areas  
↘ 5.9km/h 
reduction, 
95% CI 
Significant decrease in 85th percentile speed 
in rural/village areas when 30km/h zones are 
implemented 
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Author, 
Year, 
Country 
Exposure 
variable 
Outcome variable / 
Outcome type  
Effects Main outcome - description 
Change in 50th percentile speed 
in all areas  
↘ 6.5km/h 
reduction, 
95% CI 
Significant decrease in 50th percentile speed 
in all areas when 30km/h zones are 
implemented 
Change in 85th percentile speed 
in all areas  
↘ 6.7km/h 
reduction, 
95% CI 
Significant decrease in 85th percentile speed 
in all areas when 30km/h zones are 
implemented 
Change in 50th percentile speed 
in areas with structural measures 
↘ 7.8km/h 
reduction, 
95% CI 
Significant decrease in 50th percentile speed 
in areas with structural measures when 
30km/h zones are implemented 
Change in 85th percentile speed 
in areas with structural measures 
↘ 7.7km/h 
reduction, 
95% CI 
Significant decrease in 85th percentile speed 
in areas with structural measures when 
30km/h zones are implemented 
Change in 50th percentile speed 
in areas without structural 
measures 
- 0.05km/h 
increase, 
95% CI 
Non-significant increase in 50th percentile 
speed in areas without structural measures 
when 30km/h zones are implemented 
Change in 85th percentile speed 
in areas without structural 
measures 
- 1.5km/h 
increase, 
95% CI 
Non-significant increase in in 85th percentile 
speed in areas without structural measures 
when 30km/h zones are implemented 
Department 
for 
Transport, 
(2000), UK 
Implementation 
of 20mph zones 
Change in mean speed after 3 
months on Northumberland 
Road (Site 1) 
- 13.9mph 
reduction 
Decrease in mean speed 3 months after 
20mph zone implemented at site 1. 
Statistical significance unknown. 
Change in 85%ile speed after 3 
months on Northumberland 
Road (Site 1) 
- 13.3mph 
reduction 
Decrease in 85%ile speed 3 months after 
20mph zone implemented at site 1. 
Statistical significance unknown. 
Change in mean speed after 12 
months on Northumberland 
Road (Site 1) 
- 11.4mph 
reduction 
Decrease in mean speed 12 months after 
20mph zone implemented at site 1. 
Statistical significance unknown. 
Change in 85%ile speed after 12 
months on Northumberland 
Road (Site 1) 
- 10.8mph 
reduction 
Decrease in 85%ile speed 12 months after 
20mph zone implemented at site 1. 
Statistical significance unknown. 
Change in mean speed after 3 
months on Ayres Road (Site 2) 
- 3mph 
reduction 
Decrease in mean speed 3 months after 
20mph zone implemented at site 2. 
Statistical significance unknown. 
Change in 85%ile speed after 3 
months on Ayres Road (Site 2) 
- 5mph 
reduction 
Decrease in 85%ile speed 3 months after 
20mph zone implemented at site 2. 
Statistical significance unknown. 
Change in mean speed after 12 
months on Ayres Road (Site 2) 
- 0.5mph 
reduction 
Decrease in mean speed 12 months after 
20mph zone implemented at site 2. 
Statistical significance unknown. 
Change in 85%ile speed after 12 
months on Ayres Road (Site 2) 
- 3mph 
reduction 
Decrease in 85%ile speed 12 months after 
20mph zone implemented at site 2. 
Statistical significance unknown. 
Department 
for Transport 
Implementation 
of 20mph speed 
Change in average speeds – all 
sectors 
- 0.9mph 
reduction 
Non-significant decrease in average speeds 
after 20mph limit schemes introduced  
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Author, 
Year, 
Country 
Exposure 
variable 
Outcome variable / 
Outcome type  
Effects Main outcome - description 
& Atkins 
(2010), UK 
limit schemes 
 
Percent change in slight 
casualties – all sectors 
- 17% 
reduction 
Non-significant decrease in percentage of 
slight casualties after 20mph limit schemes 
introduced 
Percent change in KSI casualties 
– all sectors 
- No change 
(0%) 
No change in percentage of KSI casualties 
after 20mph limit schemes introduced 
Percent change in all casualties – 
all sectors 
- 15% 
reduction 
 
Non-significant decrease in percentage of 
all casualties after 20mph limit schemes 
introduced 
Percent change in slight 
accidents – all sectors 
- 15% 
reduction 
 
Non-significant decrease in percentage of 
slight accidents after 20mph limit schemes 
introduced 
Percent change in KSI accidents 
– all sectors 
- 2% 
increase 
Non-significant increase in percentage of 
KSI accidents after 20mph limit schemes 
introduced 
Percent change in all accidents – 
all sectors 
- 13% 
reduction 
 
Non-significant decrease in percentage of 
all accidents after 20mph limit schemes 
introduced 
↗ = Significantly greater accident rates/vehicle speeds when 30km/h or 20mph zones are implemented. 
↘ = Significantly less accident rates/vehicle speeds when 30km/h or 20mph zones are implemented. 
- = Differences in accident rates/vehicles speeds may have been found, but not statistically significant or not 
known (i.e. statistical analysis not carried out). 
 
3.2 METHODOLOGY 
This section describes the search terms, screening and eligibility selection processes that were used 
to identify relevant papers for investigating the safety effectiveness of implementing 30 zones. 
 
3.2.1 Literature Search Strategy 
A systematic literature search was conducted in February 2017. It was carried out in two databases 
with broadly similar search strategies. The databases ‘Scopus’ and ‘TRID’ were used to identify 
papers that examined the effectiveness of implementing 30 zones. 
 
Detailed search terms, as well as their linkage with logical operators and combined queries are 
shown in Tables 4 and 5. 
 
Table 4: Scopus search terms and results 
Database: Scopus  Date: 24 Feb 2017 
search no. search terms / operators / combined queries hits 
#1 20mph OR 30kph OR 30km/h* OR "low speed limit" 874 
#2 “20 mph” OR “30 kph” or “30 km/h” 578 
#1 OR #2 = #3  1444 
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#4 “safe*” OR “countermeasure*” OR “crash*” OR “accident*” OR “incident*” OR 
“collision*” OR “risk*” OR “impact*” OR “severity” 
7702865 
#3 AND #4 All years 457 
 
Table 5: TRID search terms and results 
Database: TRID  Date: 24 Feb 2017 
search no. search terms / operators / combined queries hits 
#1 20mph OR 30kph 95 
#2 30km/h OR 30km/hr 24 
#3 "low speed limit" 9 
#4 20 mph OR 30 kph 529 
#5 30 km/h OR 30 km/hr 528 
#1 OR #2 OR #3 OR #4 OR #5 = #6  1155 
#7 safe 15000 
#8 countermeasure 3569 
#9 crash 15000 
#10 accident 15000 
#11 incident 7156 
#12 collision 15000 
#13 risk 15000 
#14 impact 15000 
#15 severity 10245 
#7 OR #8 OR #9 OR #10 OR #11 
OR #12 OR #13 OR #14 OR #15 = 
#16 
 70224 
#6 AND #16 All years 157 
 
A number of limitations and exclusions were applied on the papers initially found using the search 
terms listed in Tables 4 and 5, which were as follows: 
• Search field: TITLE-ABS-KEY 
• published: year > 1990  
• Document Type: “All” 
• Source Type “Journals” or “Conference Proceedings” 
• Subject area: “Engineering”, “Social Sciences”, “Psychology”, “Undefined” or “Multi-
disciplinary” 
• Language: “English” 
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For TRID, these limitations and exclusions had to be applied as part of the initial search, so the 
numbers included in Table 5 are the numbers after the limitations/exclusions had been applied. 
 
Table 6 shows the number of remaining papers after the limitations and exclusions were applied for 
both databases. 
 
Table 6: Papers still remaining after applying limitations/exclusions 
Database Hits 
Scopus 207 
TRID 157 
Total number of studies to screen title/ abstract 364 
 
6.1.2 Results of literature search, screening and prioritizing 
As shown in Table 7, the titles and abstracts of the 364 papers remaining after the initial searches 
and exclusions were screened for their relevance to the countermeasure ‘implementation of 30 
zones’. From this screening, 43 were found to still have possible relevance to this factor. 
 
Table7: Screening process of the 364 studies identified from the initial literature search 
Total number of studies to screen title/ abstract 364 
-De-duplication 0 
-Not relevant studies excluded 185 from Scopus & 136 from 
TRID 
-Studies with no risk estimates excluded 0 
Studies not clearly relevant to the topic (full-text screening later) 0 
Remaining studies  22 from Scopus & 21 from 
TRID 
Studies to obtain full-texts  43 
 
A search for all of the full-texts of the 43 studies was undertaken so that the whole paper could be 
screened to determine their eligibility for analysing “implementation of 30 zones”. 
 
Table 8 shows the number of papers which were eligible for analysing the safety effectiveness of 
implementing 30 zones. As the full-text of 20 studies could not be obtained, a total of 23 papers had 
their full-text screened for eligibility for analysing the safety effectiveness of implementing 30 
zones. An additional five papers were found in the references that were relevant to the topics, 
totalling the number of studies to screen full-text to 28. Twenty-three of these 28 papers were found 
not to be relevant to the topic or not codable, which left five papers eligible for coding for this topic. 
 
Table 8: Eligibility of papers selected for full-text screening 
Total number of studies to screen full-text 43 
Full-text could be obtained 23 
Additional relevant studies identified from reference lists/other sources 5 
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Exclude: included in meta-analysis 0 
Exclude: not relevant or codable 23 
Total number of eligible papers 5 
 
Prioritisation 
As only five codable papers were found for this topic, it was decided that further prioritisation would 
not be needed as all five papers would be included in this synopsis.   
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The results from the available literature showed that overall, accident and casualty rates reduce when 
traffic calming schemes are installed and these results are statistically significant. However, the 
studies included in all 3 meta-analyses and Yannis et al. (2003) are fairly dated (1980s/1990s). Without 
more recent studies to support the findings, it is unclear whether these results would have been 
replicated if more up-to-date data had been available. Also, in Høye (2014) none of the primary 
studies were controlled for regression to the mean, so the effects found may be over-estimated. 
However, on balance, it appears that traffic calming schemes do improve safety.  
 
Keywords  
Traffic calming scheme, countermeasure, accident rate, low cost traffic engineering measures 
(LCTEMs) 
 
1.1 ABSTRACT 
 
Traffic calming schemes aim to create an area of roadway where reduced vehicle speeds are 
encouraged by the use of an array of speed reduction measures (e.g. speed humps, chicanes, etc.), 
these measures not only improve safety for vehicles, but also for pedestrians and cyclists in these 
areas. The effects of installing traffic calming schemes were investigated in this synopsis using 
three meta-analyses (10, 16 and 33 studies respectively) and 1 further before-after study. Studies 
used either accident or casualty rate to measure the effectiveness of installing traffic calming 
schemes. The results found that their implementation reduced accident and casualty rates to a 
significant level, particularly when looking at accident and casualty rates overall. Significant 
results were also found for specific groups of accidents or casualty types (e.g. drivers over 25, 
single vehicle crashes, local/main roads), but not for others (e.g. pedestrian crashes, fatal 
casualties, drivers under 25 years). The topic has been fairly well studied across a number of 
European countries and in Australia, but most studies are fairly dated (1980’s/1990’s), which limits 
the topic’s transferability potential. However, overall traffic calming schemes appear to be an 
effective safety measure. 
 
1.2 BACKGROUND 
 
1.2.1 How are traffic calming schemes defined? 
 
Traffic calming schemes are defined as areas (e.g. one road or an area including a number of roads) 
where a number of road safety measures are installed to help reduce traffic speeds and also help 
vulnerable road users (i.e. pedestrians and cyclists) to move around the area safely (Harvey, 1999). 
This could include speed humps, chicanes, pedestrian crossings, mini roundabouts, narrowings, 
kerb build-outs and speed restrictions. They are often located in residential and other urban areas, 
but can also be found in some rural locations (e.g. where major link roads travel through villages).  
 
1.2.2 How can the implementation of traffic calming schemes affect road safety? 
 
The implementation of traffic calming schemes can affect road safety in a positive way by 
encouraging motor vehicle drivers to slow down. Slower speeds inherently lead to safer roads as 
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drivers are able to control their vehicles better at slower speeds and avoid potential collisions. Also, 
in the event of a collision, slower speeds reduce the likelihood of serious injuries being sustained by 
the road users involved, particularly pedestrians and cyclists. This makes the area a more 
appealing, safer place for all road users to use. 
 
1.2.3 Which safety outcomes are affected by the implementation of traffic calming schemes? 
 
The two main accident rates affected by the implementation of speed humps are accident rates and 
injury rates. When looking at area-wide schemes which take into account more than one specific 
safety measure, it is difficult to use other safety outcomes (e.g. vehicle speeds) to measure the 
safety effectiveness.  This is because it is difficult to decide exactly where in the area to measure the 
speed, (e.g. going through a narrowing or driving over a speed hump). Therefore, accident rates are 
the only feasible outcome that can be measured when analysing the effectiveness of traffic calming 
schemes which incorporate an array of speed reducing measures.  
 
1.2.4 How is the effect of the implementation of traffic calming schemes studied? 
 
The effect of the implementation of traffic calming schemes is generally studied by choosing 
locations where a series of traffic calming measures have been installed and look at accident rates 
for a set time before and after implementation to see if accident rates have reduced. Meta-analyses 
on groups of studies have been carried out, which helps to strengthen any results found. Some 
studies look only at one scheme or road to identify differences in accident numbers, but in these 
instances, the results are not as statistically strong. Generally, accident rates are used in a before-
after study to investigate whether accident rates are reduced once the traffic calming scheme has 
been introduced at one or many sites. The data is examined using absolute differences before and 
after the implementation. To find out if any differences were statistically significant, Chi-squared 
tests and rate/odds ratios were used. The data came from Denmark, Norway, Germany, Finland, 
Sweden, France, UK, Netherlands, Greece and Australia. 
 
1.3 OVERVIEW OF RESULTS 
 
Overall, the results across the three meta-analyses and one additional study showed that the 
implementation of traffic calming schemes does reduce the occurrence of accidents and injuries. In 
the majority of cases, the results were statistically significant, both for all accidents and injuries 
and when looking at specific groups of accidents (e.g. damage only, slight, car only, single vehicle, 
main/local roads) or user groups (e.g. drivers only, drivers age 25-44 and 45-64). It was only when 
road user deaths and pedestrian crashes were analysed separately (as seen in the meta-analysis by 
Bunn et al (2003)),that the results were not statistically significant.  
 
1.4 NOTES OF ANALYSIS METHODS 
 
For the three meta-analyses, accident data from 10, 16 and 33 before-after studies was collated, 
while in Yannis et al. (2014), the accident data sample was taken from across a municipality in 
Athens, Greece. For one of the meta-analyses (Høye, 2014), all studies included were found not to 
have been controlled for regression to the mean, so some effects recorded may be over-estimated. 
Many studies found for this topic had to be excluded because only one specific location was 
investigated rendering accident numbers too low to analyse. Also, there was found to be many 
studies from the 1980’s and 1990’s but less from more recent years (2000+). To conclude, this topic 
has been fairly well studied across a range of European countries and Australia.  However, the data 
is relatively old and in general, has been analysed at a top level (i.e. all accidents/casualties rather 
than looking at sub-categories of accidents). These factors limit the transferability potential of the 
results. 
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2 Scientific Overview 
 
 
 
 
 
 
2.1 LITERATURE REVIEW 
 
2.1.1 DESCRIPTION OF AVAILABLE STUDIES 
 
Four studies were chosen for their inclusion in the synopsis of the measure “implementation of 
traffic calming scheme”. All four studies looked at locations where a number of road safety 
measures had been installed, either on one road or on a series of roads, in order to help reduce 
traffic speeds and improve safety not only for vehicle drivers but also for cyclists and pedestrians 
using these areas.  
 
Three studies were meta-analyses, bringing together the results of 10, 16 and 33 similar studies on 
traffic calming schemes. The third study was a study on a Municipality of the Greater Athens area 
(Yannis et al, 2014), where across 21 roadways in this area various traffic calming devices had 
been installed. 
 
The meta-analyses, along with the study by Yannis et al (2014), analysed accident data before and 
after the traffic calming schemes had been installed. 
 
Within these accident analysis studies, accidents of varying severity, on various road types, 
environmental conditions and varying vehicle/road user involvement (pedestrian/car involvement, 
young/older drivers, single/multi vehicle accidents) were investigated alongside ‘all’ accidents.  
The meta-analysis by Bunn et al. (2003) also looked at injuries and fatality numbers at a casualty 
level. 
 
The studies in the meta-analyses were mainly from Europe (UK, Germany, Norway, Sweden, 
Finland, France, Netherlands), but also from Australia, with the third study (Yannis et al., 2014) from 
Greece. As an example of data collection before and after implementation, in Bunn et al. (2012), 
accident data was collected between 2 and 6 years before implementation and 2 and 5 years after 
implementation, across the studies. In Yannis et al. (2014), the before–after accident data collection 
periods were approximately 5 years. 
 
Studies investigated the effects of installing traffic calming schemes through mainly before-after 
accident studies (reported as random and fixed-effects meta-analyses in two reports in this 
synopsis) based on a number of sites where traffic calming schemes had been installed. Results were 
generally provided as absolute differences in mean accident rates and where statistical analysis was 
undertaken, regression analysis, pooled rate ratio, odds ratios and Chi-squared tests were used. 
 
Table 1 shows an overview of these coded studies. 
 
Table 1: Descriptions of coded studies on implementation of traffic calming schemes 
 
Author, 
  
Sample, method/design 
  
Reference 
  
Additional 
 
 
        
 
 Year,   and analysis   group   information on  
 
 Country         analysis   
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 Author, 
  
Sample, method/design 
  
Reference 
  
Additional 
 
 
        
 
 Year,   and analysis   group   information on  
 
 Country         analysis   
           
 
            
 
            
 
 Høye,  Meta-analysis (fixed effects), which Percentage change in  Percentage of  All studies included in the 
 
 A.,2014,  included before-after studies (10 injury and damage-only  injury/damage-  meta-analysis were not 
 
 Denmark, studies total, with up to 30 estimates accidents before and after  only accidents controlled for regression to 
 
 Norway, of changes in accidents numbers in implementation of traffic  before the the mean, so some effects 
 
 Germany, these studies) calming schemes  implementation of may be over-estimated 
 
 Sweden,     traffic calming    
 
 France UK     schemes    
 
          
 
 Bunn et al.,  Meta-analysis (random effects), Changes in number of road  Accidents/fatalities    
 
2012,   which included before-after studies users deaths, road user  /injured casualties    
 
 Germany,  (16 studies total reported across 12 injuries, traffic crashes and  before    
 
 Netherlands  papers), where before data was pedestrian crashes before  implementation of    
 
 , UK,  collected up to 2 years before and after implementation  traffic calming    
 
 Australia  implementation and after data was of traffic calming schemes  schemes    
 
    collected up to 5-6 years after        
 
   implementation of traffic calming        
 
    schemes.        
 
         
 
 Elvik, 2001,  Meta-analysis (fixed and random Percentage change in the  Percentage of  Only the results from the 
 
 Australia  effects), which included before-after number of injury/damage-  injury/damage-  random effects model are 
 
 Denmark,  studies (33 total) with data collected only/injury not specified  only/injury not  included in this synopsis. 
 
 Finland,  from the years 1971 to 1994. crashes before and after  specified crashes    
 
 Germany,   implementation of area-  before  The following crash groups 
 
 United   wide traffic calming  implementation of  were investigated: 
 
 Kingdom,   schemes  traffic calming  - Whole area 
 
 Netherlands,     schemes  - Main roads 
 
 Norway and       - Local roads 
 
 Sweden          
 
         
 
 Yannis et al.,  Before-after study, with accident Percentage change in the  Accidents before  The following crash types 
 
 2014, Greece  data from 21 roadways in a number of crashes before  LCTEMs were  were investigated: 
 
    Municipality of the Greater Athens and after implementation  installed.  - All 
 
    area where low cost traffic of LCTEMs.    - Pedestrian involvement 
 
    engineering measures (LCTEMs) had     - KSI 
 
    been installed, with accident data     - Slight 
 
    from approximately 5 years before     - Drivers under 24 
 
    and 5 years after implementation.     - Drivers aged 25-44 
 
         - Drivers aged 45-64 
 
         - Passenger cars 
 
         - Two-wheeler involvement 
 
         - Clear sky weather 
 
         - Rain weather 
 
         - Single vehicle 
 
         - Two or more vehicles 
 
         - Angle collision 
 
          - Rear end collision 
 
           
 
2.1.2   STUDY RESULTS        
  
 
Overall, the results across all four studies, including the three meta-analyses, showed that the 
implementation of traffic calming schemes reduced accident and injury rates. Where statistical 
analyses were carried out, significant results were found when accidents involving all road user 
types were considered, but also when specific road user, road or vehicle types were considered 
(e.g. drivers aged 25-44 and 45-64, passenger cars, single vehicles, main and local roads) and 
when considering only slight crashes. The only results where significant reductions were not 
found were when considering road user deaths and pedestrian crashes. 
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Høye (2014) undertook a meta-analysis of 10 studies (including up to 30 effects) investigating the 
safety effects of installing traffic calming schemes and found a significant decrease in the 
percentage of both damage-only accidents and injury accidents when traffic calming schemes 
were installed (27% and 35% reduction respectively). However, all studies included in this meta-
analysis were not controlled for regression to the mean, so some effects may be over-estimated. 
 
Bunn et al. (2003) undertook a meta-analysis of 16 studies (reported across 12 publications) which 
investigated the safety effects of area-wide traffic calming schemes before and after 
implementation. Using pooled rate ratios, significant reductions were found in the number of road 
user injuries in accidents when the schemes were introduced, along with traffic crashes in general. 
However, the reduction in road deaths post-implementation was found not to be significant, and no 
reduction in the number of pedestrian crashes was found.  
 
Elvik (2001) undertook a meta-analysis (both random and fixed effects) of 33 studies investigating 
area-wide traffic calming schemes and their effects of safety. Using odds ratios and Chi-squared 
tests, significant reductions were found in the number of accidents when the schemes were 
installed when using both the random and fixed effects models. This was also the case when injury 
and non-injury accidents were looked at separately and when local roads and main roads were 
looked at separately. 
 
Yannis et al. (2014) undertook a before-after study on 21 roadways where a number of low cost 
traffic engineering measures, typical of those found in traffic calming schemes, had been installed. 
Using Chi-squared tests, significant reductions in crashes in general were found after 
implementation, but also when specific types of crashes were considered (e.g. slight crashes, 
crashes with drivers aged 25-44 & 45-64, single vehicle crashes). 
 
Table 6 in the supporting document presents an overview of the information on the main outcome 
of coded studies on the implementation of traffic calming schemes. 
 
2.1.3 META ANALYSES OF DATA FOR IMPLEMENTATION OF TRAFFIC CALMING 
SCHEMES 
 
Table 2 outlines the main results of the existing meta-analysis of the 10 traffic calming schemes 
studies undertaken by Høye (2014), in Table 3 are the meta-analysis results of the 16 studies 
included in the study by Bunn et al. (2003). Finally, Table 4 shows the meta-analysis results of the 33 
studies in Elvik (2001). 
 
Table 2 Fixed effects meta-analysis for traffic calming scheme effects on percentage accident 
occurrence (Høye, 2014) 
 
    Statistically 
 Variable Estimate 95% CI significant? 
 Traffic calming scheme    
 (damage-only accidents) -27% (-36%, -18%) Y 
 Traffic calming scheme    
 (injury accidents) -35% (-43%, -26%) Y 
 
Table 3 Random effects meta-analysis for traffic calming scheme effects on percentage accident 
occurrence (Bunn et al., 2003) 
 
  
Estimate1 
 Statistically 
 
 Variable 95% CI significant? 
  
 
1 Pooled rate ratio 
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 Traffic calming scheme     
 (road user deaths) 0.63 (0.14, 2.59) N 
 Traffic calming scheme     
 (road user injuries) 0.89 (0.8, 1.0) Y 
 Traffic calming scheme     
 (traffic crashes) 0.95 (0.81, 1.11) Y 
 Traffic calming scheme     
 (pedestrian crashes) 1.00 (0.84, 1.18) N 
 
 
Table 4 Random effects meta-analysis for traffic calming scheme effects on percentage accident 
occurrence (Elvik, 2001) 
 
    Statistically 
 Variable Estimate 95% CI significant? 
 Traffic calming scheme    
 (injury accidents, all roads) -15% (-19%, -10%) Y 
 Traffic calming scheme    
 (injury accidents, main roads) -8% (-13%, -2%) Y 
 Traffic calming scheme    
 (injury accidents, local roads) -34% (-43%, -23%) Y 
 Traffic calming scheme    
 (damage only accidents, all roads) -19% (-26%, -12%) Y 
 Traffic calming scheme (damage    
 only accidents, main roads) -18% (-31%, -3%) Y 
 Traffic calming scheme (damage    
 only accidents, local roads) -42% (-54%, -26%) Y 
 Traffic calming scheme (accidents no    
 severity stated, all roads) -18% (-27%, -9%) Y 
 Traffic calming scheme (accidents no    
 severity stated, main roads) -13% (-21%, -4%) Y 
 Traffic calming scheme (accidents no    
 severity stated, local roads) -57% (-68%, -43%) Y  
 
 
2.2 DESCRIPTION OF ANALYSIS CARRIED OUT 
 
In addition to the three existing meta-analyses and to take into account the extra study included in 
this synopsis, it was decided to undertake a vote count on the overall results of two of the meta-
analyses (Høye, 2014 and Bunn et al., 2003) and the study by Yannis et al. (2014). The meta-analysis 
by Elvik (2001) was not included in the vote count because 7 of the studies included in the Elvik 
study were found to be the same as 7 of the 16 studies in the Bunn study, and 1 of the Elvik studies 
the same as 1 of the 10 studies in the Høye study. By excluding the results of the Elvik meta-
analysis, it was ensured that none of the data in the vote count would be duplicated from the same 
study. 
 
Table 5 shows the results of the vote count analysis for the two included meta-analyses and the 
study by Yannis et al. (2014). Care was also taken to ensure that data was not counted twice from 
the same study. For example, in each meta-analysis, if overall (‘all accidents’ or equivalent) results 
were included, then sub-groups of accidents (e.g. pedestrian crashes) were not included, as this data 
would already be included in the ‘all accidents’ results. The table shows that 100% of the studies 
(n=3) conclude overall reduced risk (and therefore increased safety) when traffic calming schemes 
were installed, in terms of both accident rate and casualty rate (although only 1 study looked at 
casualty rate). 
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Table 5: Vote count result of comparing “implementation of traffic calming schemes” studies 
in terms of accident rate  
 
Outcome 
  
Tested in 
  
Result (no. of 
  
Result (% of 
  
Result (no. 
  
Result (% of 
 
 
            
 
 definition   no. of   studies)    studies)     of effects)   effects)    
 
    studies                         
      
↑ - ↓ 
 
↑ 
 
- 
 
↓ 
 
↑ - ↓ 
 
↑ 
 
- 
 
↓ 
 
              
 
                         
                            
 
 Accident rate 3  - - 3  -  -  100% - - 4  -  -  100% 
 
                      
 
 Casualty rate 1  - - 1  -  -  100% - - 1  -  -  100% 
 
                      
 
 Total 3  - - 3  -  -  100% - - 5  -  -  100% 
 
                            
  
 
When analysing the number of effects, the results indicate that 100% (n=5) of the reported 
effects led to a significant decrease in accident rate (and in 1 case, casualty rate). 
 
2.3  CONCLUSION 
 
Overall, it was found that the implementation of traffic calming schemes appears to affect road 
safety in a positive way, leading to reduced accident rates and injured casualty rates. As well as 
accidents overall, significant reductions in accident rates were also found when looking at specific 
groups of accidents, such as when damage only and injury accidents were considered separately 
(Høye, 2014), when main roads and local roads were also looked at separately (Elvik, 2001) and in 
Yannis et al. (2014), where the following groups of accidents were significantly reduced when 
Low Cost Traffic Engineering Measures were introduced: Slight accidents; Accidents involving 
drivers aged 25-44; Accidents involving drivers aged 45-64; Accidents involving passenger cars; 
Single vehicle accidents (Yannis et al, 2014). 
 
Unfortunately, no other studies were found which investigated similar groups of accidents to 
support the findings of Yannis et al. (2014).  This means these results aren’t as strong as the findings 
for accidents as a whole, which are supported by the results of up to 10 and 16 studies from two 
meta-analyses, damage-only and injury accidents, which are supported by the results of up to 10 
and 33 studies from two meta-analyses, and main and local roads, which are supported by results of 
up to 33 studies from one meta-analysis.  
 
In terms of casualty-level data, the meta-analysis by Bunn et al. (2003), containing 16 studies, found 
injured casualty levels decreased significantly with the introduction of traffic calming schemes, but 
not when only fatal casualties were considered. However, the fatal casualty result should be 
interpreted with caution since many of the studies include at least one period in which no road user 
deaths were observed. 
 
These results are generally as expected, as the main aim of a traffic calming measures is to reduce the 
speed of vehicles using the roads within the scheme. A direct influence of this would be reduced 
accidents, particularly those involving more serious injuries, as there is plenty of existing evidence that 
shows reduced vehicle speeds lead to reduced accident rates, particularly in urban areas (for example, 
see Taylor et al., 2000). However, many of these studies, don’t make it clear how much other external 
factors (e.g. weather, time of day etc.) have been taken into account and whether the reduction in 
speed/accident rates is solely due to the implementation of the traffic calming scheme. In addition, each 
traffic calming scheme is different in terms of the number and type of speed reducing measures 
installed. These factors are likely to affect accident numbers, so it would be useful for road planners to 
look at these results alongside those for specific engineering measures (e.g. speed humps) to 
understand which measures have the greatest safety impact and are the most effective in a traffic 
calming scheme. 
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3 Supporting Documents 
 
 
 
 
 
 
3.1 DESCRIPTION OF THE STUDIES IDENTIFIED FOR INCLUSION IN SYNOPSIS 
 
In total, four studies, including two meta-analyses, were identified as being the most relevant for 
this synopsis on implementation of traffic calming schemes. 
 
Høye (2015) undertook a literature review and meta-analysis on the effect of environmental streets 
on accidents. An environmental street is a road where through traffic is permitted, but the road is 
constructed in such a way that it leads to low speed and high degree of alertness with regard to 
local traffic, due to elements such as tracks for walking and cycling, speed humps, pedestrian 
crossings, wider pavements at intersections, alternate narrowing of carriageways, bus stops 
delineated by kerbstones. The measure is found to reduce person injury accidents by 35%, and 
damage only accidents by 27%. The accident reduction may be over-estimated as none of the 
included studies controlled for regression to the mean. Elvik (2012) re-analysed the data from one of 
the primary studies, and found that the average effect, when controlling for regression to the mean, 
was a 9% reduction. This indicates that the results of the original study may have been affected by 
regression to the mean. The speed was, on average, reduced from 54.9 to 46.0 km per hour. The 
traffic volume was reduced by on average 3.5%. Analyses (presented graphically) indicate that a 
greater effect is found at larger speed reductions.  
 
Bunn et al. (2003) is a meta-analysis of randomised controlled trials and controlled before-after 
studies of area-wide traffic calming schemes. The discussed outcomes include road user deaths, 
injuries and traffic accidents. The outcome rate ratios for the aforementioned variables were 
estimated through a random effects analysis model. The total number of studies analysed were 16 
(reported across 12 publications), of which 7 were in Germany, 6 in the UK, 2 in Australia and one in 
the Netherlands. Of these 16 studies, 8 reported the number of road user deaths, 16 the number of 
road traffic injuries (all severities), 9 the total number of traffic crashes and 13 the number of 
pedestrian crashes (some looked at more than one data type, hence this is why these numbers add 
up to more than 16). Regarding the results, it was shown that traffic calming measures could reduce 
the number of injuries and the total number of crashes however the results for road user deaths and 
pedestrian crashes were inconclusive and should be read with caution. Another limitation of the 
study is that publication bias is not correctly treated, as only two of the studies were journal papers. 
Finally, there is also no evidence of the studies that were not included in the paper. 
 
Elvik (2001) is a meta-analysis of 33 studies which have evaluated the effects on road safety of area-
wide urban traffic calming schemes. A systematic literature search was undertaken and studies were 
included if they provided information about the number of accidents on which study conclusions 
were based. All studies included were before-after studies and non-experimental. Odds ratios and 
chi-squared tests were used to evaluate the significance of any changes in accident rates found 
before and after traffic calming scheme implementation. Data originated from Australia, Denmark, 
Finland, Germany, United Kingdom, Netherlands, Norway and Sweden. The analysis found that, using 
both a fixed and random effects model, installing traffic calming schemes had a significant positive 
effect on road safety and overall, area wide traffic calming reduced the number of accidents by 
about 15%. Reductions in accidents were also found for a number of sub-groups of accidents, 
including injury accidents, damage-only accidents and accidents on main roads and local roads, and 
combinations of these. 
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The paper by Yannis et al. (2014) researched the effect of low cost traffic engineering measures on 
road safety using a before-after study design. Specifically the accidents that were studied included: 
crashes with pedestrian involvement, crashes occurred in daylight, crashes with persons killed or 
seriously injured, crashes with persons slightly injured, crashes with young drivers, crashes with 
drivers 25-44 years old, crashes with drivers 45-64 years old, passenger car involvement, two-wheel 
involvement, crashes occurred in clear sky weather, crashes in rain weather conditions, crashes with 
one car involvement, crashes with two or more cars involvement, crashes with two or more cars 
involvement, at angle collision between moving vehicles, rear-end collision between moving vehicles. 
For that reason, the road user profile modes and ages and the accident severities were chosen as 
design variables. The paper reports the results for all the accident types mentioned above regarding 
the difference in crash numbers. However, it was chosen to code only the ones who were statistically 
significant which were: the total number of crashes, the crashes with slightly injured, the accidents 
with drivers between 25-44 and 45-64 years old, the accidents with passenger car involvement, the 
accidents under clear sky weather and the accidents with one vehicle involvement. In general, it was 
shown that traffic engineering measures had a positive association with traffic safety reducing the 
number of collisions.  
 
Table 6 illustrates an overview of the main features and outcomes of the three the coded 
studies. Table 6: Main outcomes of coded studies on implementation of traffic calming schemes 
 
Author, 
              
 
               
 
 Year,   Exposure   Outcome variable   
Effects 
  
Main outcome -description 
 
 
 
Country 
  
variable 
  
/ Outcome type 
     
 
             
 
                
 
                
 
 Høye,  Traffic  Percent change in  ↘ 27% reduction  Significant decrease in percentage of 
 
 A.,2014,  calming  damage-only accidents   95% CI  damage-only accidents after traffic calming 
 
Denmark,  scheme  from fixed effects meta-      schemes installed (24 estimates from 7 
 
Norway,  (‘environmen  analysis      studies) 
 
Germany,  tal streets’)            
           
 
Sweden.     Percent change in injury  ↘ 35% reduction  Significant decrease in percentage of  
France, UK 
      
 
    accidents from fixed   95% CI  accidents after traffic calming schemes  
(meta- 
       
 
    effects meta-analysis      installed (30 estimates from 10 studies)  
analysis – 10 
         
 
             
 
 studies)              
 
          
 
 Bunn et al,  Area-wide  Road user deaths in - Pooled rate  Pooled rate ratio = The ratio of event rates 
 
2003,   traffic  accidents from random   ratio = 0.63  before and after intervention in the traffic 
 
 Germany,  calming  effects meta-analysis   95% CI  calmed area divided by the corresponding 
 
 Netherlands,  schemes         ratio of event rates in the control area 
 
 UK, Australia            Non-significant decrease in road user deaths 
 
 (meta-           when traffic calming schemes were installed 
 
 analysis – 16               
              
 
 studies     Road user injuries in  ↘ Pooled rate  Significant decrease in road user injuries when  
 
across 12 
      
 
     accidents from random   ratio = 0.89  traffic calming schemes were installed using  
 
publications ) 
       
 
     effects meta-analysis   p=0.05, 95% CI  pooled rate ratio  
          
 
             
 
       Traffic crashes from  ↘ Pooled rate  Significant decrease in traffic crashes when 
 
       random effects meta-   ratio = 0.95  traffic calming schemes were installed using 
 
       analysis   p=0.001, 95% CI  pooled rate ratio 
 
            
 
       Pedestrian crashes from - Pooled rate  No change in pedestrian crashes when traffic 
 
       random effects meta-   ratio = 1.00  calming schemes were installed using pooled 
 
       analysis   p=0.21, 95% CI  rate ratio 
 
           
 
 Elvik, 2001,  Area-wide  Percent change in the  ↘ 15% reduction  Significant decrease in percentage of injury 
 
 Australia  traffic  number of injury accidents   P = 0.05, 95% CI  accidents in whole area after traffic calming 
 
 Denmark,  calming  in whole area      schemes installed 
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 Author, 
              
 
               
 
 Year,   Exposure   Outcome variable   
Effects 
  
Main outcome -description 
 
 
 
Country 
  
variable 
  
/ Outcome type 
     
 
             
 
                
 
                
 
 Finland,  schemes  Percent change in the  ↘ 8% reduction  Significant decrease in percentage of injury 
 
 Germany,     number of injury accidents   P = 0.05, 95% CI  accidents on main roads after traffic calming 
 
 United     for the main roads      schemes installed 
 
 Kingdom,               
              
 
 Netherlands,     Percent change in the  ↘ 34% reduction  Significant decrease in percentage of injury  
 
Norway and 
      
 
     number of injury accidents   P = 0.05, 95% CI  accidents on local roads after traffic calming  
 
Sweden 
       
 
     for the local roads      schemes installed  
 
(meta-                         
 
 analysis – 33     
Percent change in the  ↘ 19% reduction  Significant decrease in percentage of damage   studies. *             number of damage only   P = 0.05, 95% CI  only accidents in whole area after traffic   results in this              accidents for the whole      calming schemes installed   table are                area          based on the                           
 
 
random 
             
 
     
Percent change in the 
 
↘ 18% reduction 
 
Significant decrease in percentage of damage 
 
 effects       
 
 model)     number of damage only   P = 0.05, 95% CI  only accidents on main roads after traffic 
 
       accidents for the main      calming schemes installed 
 
       roads        
 
             
 
       Percent change in the  ↘ 42% reduction  Significant decrease in percentage of damage 
 
       number of damage only   P = 0.05, 95% CI  only accidents on local roads after traffic 
 
       accidents for the local      calming schemes installed 
 
       roads        
 
             
 
       Percent change in the  ↘ 18% reduction  Significant decrease in percentage of all 
 
       number of accidents   P = 0.05, 95% CI  accidents (severity not stated) in whole area 
 
       where severity is not      after traffic calming schemes installed 
 
       stated for the whole area        
 
             
 
       Percent change in the  ↘ 13% reduction  Significant decrease in percentage of all 
 
       number of accidents   P = 0.05, 95% CI  accidents (severity not stated) on main roads 
 
       where severity is not      after traffic calming schemes installed 
 
       stated for the main roads        
 
             
 
       Percent change in the  ↘ 57% reduction  Significant decrease in percentage of all 
 
       number of accidents   P = 0.05, 95% CI  accidents (severity not stated) on local roads 
 
       where severity is not      after traffic calming schemes installed 
 
       stated for the local roads        
 
           
 
 Yannis et al  Low cost  Percentage change in  ↘ 56% reduction  Significant decrease in number of all crashes 
 
(2014),   traffic  number of all crashes   χ2=3.972  when LCTEMs are installed to calm traffic 
 
 Greece  engineering      90% CI  speed 
 
    measures            
              
 
    (LCTEMs)  Percent change in number  ↘ 45% reduction  Significant decrease in number of slight  
         
 
       of slight crashes   χ2=3.077  crashes when LCTEMs are installed to calm 
 
           90% CI  traffic speed 
 
             
 
       Percent change in crashes  ↘ 58% reduction  Significant decrease in number of crashes 
 
       involving drivers aged 25-   χ2=3.600  involving drivers aged 25-44when LCTEMs are 
 
      44    90% CI installed to calm traffic speed 
 
             
 
       Percent change in crashes  ↘ 50% reduction  Significant decrease in number of crashes 
 
       involving drivers aged 45-   χ2=2.811  involving drivers aged 45-64when LCTEMs are 
 
      64    90% CI  installed to calm traffic speed 
 
             
 
       Percent change in crashes  ↘ 87% reduction  Significant decrease in number of crashes 
 
       involving passenger cars   χ2=14.570  involving passenger cars when LCTEMs are 
 
           90% CI  installed to calm traffic speed 
 
                
  
 
Safety Cube |Synopsis on >Speed Management & Enforcement >implementation of traffic calming schemes> 
| WP5 
  
Author, 
                  
 
                    
 
 Year,   Exposure   Outcome variable   
Effects 
  
Main outcome -description 
  
 
  
Country 
   
variable 
   
/ Outcome type 
        
 
                  
 
                
 
                     
 
       Percent change in number  ↘87% reduction  Significant decrease in number of single  
 
          of single vehicle crashes   χ2=2.709   vehicle crashes when LCTEMs are installed to  
 
              90% CI   calm traffic speed  
  
 
↗ =Significantly greater accident rates when traffic calming schemes are installed. 
↘ = Significantly less accident rates when traffic calming schemes are installed. 
 
- = Differences in accident rates may have been found, but not statistically significant or not known 
(i.e. statistical analysis not carried out).   
 
3.2 METHODOLOGY 
 
This section describes the search terms, screening and eligibility selection processes that were used to 
identify relevant papers for investigating the safety effectiveness of traffic calming schemes. 
 
3.2.1 Literature Search Strategy 
 
A systematic literature search was conducted in January 2017. It was carried out in two databases 
with broadly similar search strategies. The databases ‘Scopus’ and ‘TRID’ were used to identify 
papers that examined the effectiveness of installing traffic calming schemes in improving road 
safety. 
 
Detailed search terms, as well as their linkage with logical operators and combined queries are 
shown in Tables 7 and 8. 
 
Table 7: Scopus search terms and results   
Database: Scopus Date: 17 Jan 2017 
search no. search terms / operators / combined queries  hits 
    
#1 “traffic calming”  470 
    
#2 “safe*” OR “countermeasure*” OR “crash*” OR “accident*” OR “incident*” OR  7661680 
 “collision*” OR “risk*” OR “impact*” OR “severity”   
    
#3 #1 and #2  315 
    
 
Table 8: TRID search terms and results  
Database: TRID  Date: 17 Jan 2017 
search no. search terms / operators / combined queries hits 
   
#1 “safe*” 15000 
   
#2 “countermeasure*” 8009 
   
#3 “crash*” 15000 
   
#4 “accident*” 15000 
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#5 “incident*” 10420 
   
#6 “collision*” 15000 
   
#7 “risk*” 15000 
   
#8 “impact*” 15000 
   
#9 “severity” 10159 
   
#1 OR #2 OR #3 OR #4 OR #5 OR  69496 
#6 OR #7 OR #8 OR #9 = #10   
   
#11 “traffic calming” 2288 
   
#10 AND #11  350 
    
 
A number of limitations and exclusions were applied on the 665 papers initially found using the 
search terms listed in Tables 7 and 8, which were as follows:  
• Search field: TITLE-ABS-KEY  
• published: year > 1990  
• Document Type: “All”  
• Source Type “Journals” or “Conference Proceedings”  
• Subject area: “Engineering”, “Social Sciences”, “Psychology”, “Undefined” or “Multi-
disciplinary”  
• Language: “English” 
 
Table 9 shows the number of remaining papers after the limitations and exclusions were applied. 
Table 9: Papers still remaining after applying limitations/exclusions 
 
Database 
  
Hits 
 
 
    
 
      
 
 Scopus 190  
 
    
 
 TRID 350  
 
    
 
 
Total number of studies to screen title/ abstract  
 
540 
 
 
   
 
      
 
 
 
6.1.2 Results of literature search, screening and prioritizing 
 
As shown in Table 10, the titles and abstracts of the 215 papers remaining after the initial searches 
and exclusions were screened for their relevance to the countermeasure ‘implementation of traffic 
calming scheme’. From this screening, 115 were found to still have possible relevance to this factor. 
 
Table 10: Screening process of the 540 studies identified from the initial literature search 
 
Total number of studies to screen title/ abstract 
  
540 
 
 
   
 
      
 
 -De-duplication  1 from Scopus & 2 from TRID 
 
     
 
 -Not relevant studies excluded  132 from Scopus & 293 from TRID 
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 -Studies with no risk estimates excluded 0  
 
      
 
 Studies not clearly relevant to the topic (full-text 0  
 
 screening later)    
 
      
 
 Remaining studies  58 from Scopus & 57 from TRID 
 
      
 
 
Studies to obtain full-texts 
  
115 
 
 
    
 
      
 
 
A search for all of the full-texts of these 115 studies was undertaken so that the whole paper could 
be screened to determine their eligibility for analysing the countermeasure “implementation of 
traffic calming schemes”.  
 
Table 11 shows the number of papers which were eligible for analysing the safety effectiveness of 
traffic calming schemes. In addition to the 115 studies identified from the literature search for full-
text screening, a further 1 was added which was a meta-analysis first published in the most recent 
version of The Handbook of Road Safety Measures (Elvik, 2009) and updated to include more recent 
papers (Høye, 2014). As the full-text of 50 studies could not be obtained, a total of 65 papers had 
their full-text screened for eligibility for analysing the safety effectiveness of traffic calming 
schemes. Apart from the updated meta-analysis from Høye (2014), two other meta-analyses were 
found in the remaining studies. 
 
Table 11: Eligibility of papers selected for full-text screening 
Total number of studies to screen full-text 115 
  
Full-text could be obtained 65 
  
Additional relevant studies identified from reference lists/other sources 1 
  
Exclude: included in meta-analysis 0 
  
Exclude: not relevant 48 
  
Total number of eligible papers 18 
  
 
As can be seen from Table 11, 18 of the papers obtained for full-text screening were found to be 
relevant for analysing the safety effectiveness of traffic calming schemes. 
 
Prioritisation 
 
Once the full-text papers had been evaluated as eligible, they were assessed as to their suitability 
to be included in this synopsis based on the following prioritisation criteria:  
• Prioritizing Step A: Meta-analysis;  
• Prioritizing Step B: studies dedicated on this countermeasure over studies with 
multiple measures;  
• Prioritizing Step C: journal papers first;  
• Prioritizing Step D: studies published more recently  
• Prioritizing Step E: studies from Europe 
 
Using the prioritisation criteria, four papers were identified as the most suitable for coding and 
therefore inclusion in this synopsis, which included three meta-analyses, of which one included 10 
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papers (Høye, 2014), the second included 16 papers (Bunn et al., 2003) and the third 33 papers (Elvik, 
2001). 
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1 Summary 
 
 
Goldenbeld, Ch., & Schermers, G. (SWOV, June 15th 2017)  
 
 
 
 
1.1 COLOUR CODE: Light green 
There is evidence that the installation of bypass roads will reduce accident rates on old and new 
roads. However, studies may have overestimated safety effects to a certain extent. 
 
 
1.2 KEYWORDS 
 
Bypass road, speeding, safety, highway, intervention, crash 
 
 
1.3 ABSTRACT 
International studies indicate that the installation of a bypass road, which leads non-local (through) 
traffic around a town or business district, reduces traffic accident rates on both the new and the old 
roads. The decrease in the overall accident rate varies between 19% and 66%. However, most 
before-after studies did not meet the requirements of a good before-after design; selection bias 
may be present in the studies which may have led to some overestimation of the intervention 
effects. In general, safety effects of bypass roads are expected to be larger when the old road 
through town has a larger accident rate, more traffic is shifted to the bypass road, no extra traffic to 
either the old or the new road is generated, speed-reducing measures are used to control for 
possible increases in speeding on the old road network, and when intersections between the old and 
new bypass road have a safer design.  
 
The general principle that bypass roads can lead traffic away from roads with a relatively high crash 
rate makes it a road capacity/road safety measure that will be effective in and transferable to most 
traffic conditions. Its effectiveness however will vary considerably depending upon how unsafe the 
old situation was and whether the new bypass does or does not create new, extra traffic or higher 
speeding. 
 
1.4 BACKGROUND 
 
What is a bypass road? 
 
Owen (2015, p. 1) provides the following general definition: “A bypass is a road or highway that 
avoids or "bypasses" a built-up area, town, or village, to let through traffic flow without 
interference from local traffic, to reduce congestion in the built-up area and to improve road safety. 
As congestion increases on the regional road, the highway and the regional road need to be 
separated. Highway bypasses therefore move traffic around Central Business Districts (CBDs) of 
cities, towns and communities.” 
 
Why are bypasses used? 
 
Sabol (1996) analysed early 200 reports on bypasses in 47 states and 6 provinces in the United 
States. He summarises the main reasons for constructing bypasses as follows (Sabol, 1996):  
• Relief of traffic congestion in the bypass community (54 sites)
• Rerouting of traffic (27 sites)
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• Enhanced access to tourism resources or “downtown” (8 sites)
• Noise reduction (5 sites)
• Traffic safety improvement (4 sites)
 
How does a bypass road lead to road safety? 
 
By leading through traffic away from congested traffic conditions within towns and cities to 
uncongested free flow traffic conditions on bypass roads, it is expected that potential conflicts 
between through and local traffic (including pedestrians and cyclists) will decrease substantially 
and that road safety on the bypassed roads and on the total network will improve. Also, the 
separation of local and long-distance traffic decreases the traffic volume on the main road, which 
makes it easier to introduce traffic calming measures (Elvik et al., 2009).  
 
What are possible transportation effects of creating bypass roads? 
 
Bypasses tend to generate traffic, that is, to produce extra traffic. According to Leeming (1969), 
three groups of road users are involved in the extra traffic. First, bypass roads induce people to 
travel who would not otherwise have done so by making the new route more convenient than the 
old. Second, bypass roads attract people who go out of their direct route to enjoy the greater 
convenience of the new road. Third, bypass roads stimulate people to visit the towns bypassed 
because they are more convenient for shopping and visits when through traffic has been removed. 
 
Which factors influence the effectiveness of a bypass road? 
 
Based on studies reviewed for meta-analysis, Elvik et al. (2009) list a number of modifying 
conditions for the safety effect of bypass roads. Safety effects tend to be larger when:  
• the old road through town has a larger accident rate
• more traffic is shifted to the bypass road
• no extra traffic is generated
• speed-reducing measures are used to control for possible increases in speeding on the old road
• intersections between the old and the new bypass road have a safer design
 
How is the effect of bypass roads on road safety measured? 
 
Most studies compare the accident frequencies or accident rates before and after the installation of 
the bypass road. In the analyses often a distinction is made between accidents on the old bypassed 
road and on the new bypass road (or on the total new road system). 
 
 
1.5 RESULTS 
 
1.5.1 Overview of results 
 
• Studies from countries world-wide indicate that the installation of a bypass road to lead 
traffic around a town or business district reduces traffic accident rates when comparing 
crashes on both the old and new road to the old road network.
• The decrease in the overall accident rate varies between 19% and 66%.

• Selection bias may be present in the studies which may have led to some overestimation of 
intervention effects.

• Safety effects of bypass roads are expected to be greater when the old road through town has 
a larger accident rate, more traffic is shifted to the bypass road, no extra traffic is generated on 
the old road, speed-reducing measures are used to control for possible increases in speeding on 
the old road, and when intersections between the old and the new bypass road have a safer 
design
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 1.5.2 Notes on results 
 
The general principle that bypass roads can lead traffic away from roads with a relatively high crash 
rate makes it a road capacity/road safety measure that will be effective in and transferable to most  
traffic conditions. Its effectiveness however will vary considerably depending upon how unsafe the 
old situation was and whether or not the new bypass creates new, extra traffic or higher speeding. 
 
The studies on road safety effects of bypass roads were nearly all observational before-and-after 
studies. With the exception of one study (Cena et al., 2011), none of the studies satisfied all the 
requirements for a good before-and-after study (e.g. the requirement to choose a good comparison 
group) as proposed by Hauer (1997).  
 
In the studies on bypasses, the roads chosen for treatment and comparison groups were selected in 
a non-random manner. Therefore, selection bias may be present in the studies. Although the impact 
of selection bias is difficult to quantify in general, it may result in an overestimation of the 
intervention effects. 
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2  Scientific Overview 
 
 
 
 
 
 
This scientific overview on the safety effects of bypass roads first describes studies coded with the 
SafetyCube WP5 framework (Section 2.1) and then presents a more schematic summary of methods 
and results (Section 2.2). 
 
 
2.1 DESCRIPTION OF STUDIES   
Non-USA studies 
 
In New-Zealand, Jadaan (1998) examined the road safety consequences of a bypass road around 
Christchurch. The Christchurch Southern Arterial was initially conceived as a four-lane, divided 
motorway. Its objective was to relieve the network of arterial roads serving traffic in the areas south 
and west of Christchurch and to improve access from these areas to the central business district and 
the southern and eastern industrial areas. The new arterial bypass road was designed as a two-lane, 
undivided arterial and was opened to traffic in May 1981. 
 
Of the 996 accidents, 515 occurred in the before period (May 1977 to May 1981) and 481 in the after 
period (May 1981-May 1985). This represents a 6.6 per cent decrease in accident numbers over the 
study area. For the corresponding periods, there were 5592 and 5418 reported injury accidents for 
the whole of the Christchurch metropolitan area, i.e. a decrease of 3.1 per cent. Since the study area 
accounts for about 9 percent of the accidents in the metropolitan area, the accident reduction 
 
in the metropolitan area, excluding the study area, was: (3.1% — 0.09 x 6.6%)/0.91 = 2.75%. 
In other words, the accident rate reduction for the study area (6.6 percent) was 2.4 times 
the reduction for the remainder of the metropolitan area (2.75 percent). 
 
In Israel, Elias et al. (2006) studied the safety effects of a bypass in Majd al-Krum, a predominantly Arab 
town located in northern Israel. The new bypass road was created in 1996. In a before-after design, the 
researchers compared the accident rates and the total number of fatal/serious accidents in 2 four-year 
periods before the bypass installation and 2 four-year periods after the installation. 
 
International meta-analysis 
 
Elvik et al. (2001) performed a meta-analysis on data from 20 Norwegian bypass projects (opened 
between 1988 and 1995) and another meta-analysis on 9 international studies published between 
1962 and 2000. The best estimate of the mean effect of the Norwegian bypasses, controlling both 
for regression to the mean and the general trend; was a significant 19 percent reduction (both in the 
fixed effects and random effects meta-analysis model). 
 
For the international meta-analysis, a total of 93 estimates of effects were extracted from the nine 
evaluation studies. 54 estimates refer to injury accidents, 24 refer to PDO accidents, and 15 refer to 
accidents of unspecified severity. The latter category often consisted of a mixture of injury accidents 
and property-damage-only (PDO) accidents. The summary estimates of effects are remarkably 
similar, irrespective of accident severity and the model of analysis. 
 
USA study 
 
Cena et al. (2011) evaluated bypasses in locations in the state of Iowa. Their study aimed to answer 
two questions: 
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1. Are bypasses associated with a reduction in crash frequencies and/or rates on the 
bypassed communities?  
2. Are bypasses associated with a reduction in overall crash frequency and/or rates or do they merely 
shift the crashes from the (old) major road through the community to the (new) bypass with no 
significant overall reduction in frequencies and/or rates? 
 
The first objective of this study was to assess whether the bypass construction at the 19 treated 
sites was effective in increasing safety on the (old) main road through the community. The second 
objective was to assess whether the bypass construction at the 19 sites was effective in increasing 
overall safety on the new road network consisting of the combined (old) through road and the 
actual new bypass.  
 
The crash database was constructed by the Iowa DOT and was utilised to obtain traffic safety 
information over several years before and several years after the intervention (the construction of 
the bypass). The bypassed sites were compared to six cities that were scheduled to be bypassed 
but did not receive the intervention prior to 2005. Sites were distributed over 25 towns and cities in 
Iowa. 
 
Most sites were observed over 24 years between 1982 and 2005, and 3 sites, were observed for 22 
years between 1984 and 2005. Sites with bypasses were coded as treatment or treated sites, 
whereas others were coded as control sites. The data collected by the Iowa DOT included site length 
(miles), crash frequency (crashes per month), traffic volume (average annual monthly traffic), 
vehicle miles travelled (monthly vehicle miles travelled), and monthly crash rate (monthly crash 
frequency per vehicle miles travelled). These data were available separately for the (old) through 
road, the bypass, and for the two roadways combined. 
 
A Bayesian approach was adopted for estimating the parameters in a generalised linear Poisson 
regression fitted to the crash frequencies observed at each site. The log monthly crash rate per 
mile was modelled using a piecewise linear regression model with a change point. Seasonal 
 
effects, treatment group, time, and interactions of treatment group and time were included in 
the change point regression model as covariates or explanatory variables. A random effect was 
also added to the model to accommodate the correlation across repeated observations at each 
site. The priors used for all parameters in the model were proper but non-informative. All 
calculations were carried out using Markov chain Monte Carlo methods. 
 
The researchers fitted a Poisson regression model with a log-link function to associate the crash rate 
to a set of covariates. The over-dispersion that is typically observed in the distribution of crashes was 
accounted for in a Poisson-log normal model. A set of trigonometric functions was included in the 
model to account for the seasonal effects on crashes. A generalised Poisson model was fitted to the 
crash frequencies. In the model, the mean is expressed as a rate times an exposure, which in this 
case is the traffic volume at a site during a particular time period. In the second level of the model, 
the log rate is expressed as a piecewise linear function of time periods, seasonal effects, and a 
random effect corresponding to each site. 
 
2.2 RESULTS 
 
In New-Zealand, Jadaan (1998) examined the road safety consequences of a bypass road around 
Christchurch. His major safety findings on the total road network were as follows: 
- a 6.6 percent decrease in injury accident numbers (515 before and 481 after);  
- a 30 percent increase in travel in the area (85 and 111 million vehicle kilometres per annum before 
and after respectively); 
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- a 28.5 percent decrease in the overall accident rate (1.51 and 1.08 per million vehicle 
kilometres before and after respectively);  
- a 38 percent decrease in serious injuries (from 263 to 163) and a 10 per cent increase in minor 
injuries (from 436 to 480); and  
- a 7 percent decrease in accident costs (from NZ$1,267,000 per annum to $1,177,000 per annum 
after (1979 values). 
 
The author concluded that the construction of the Southern Arterial led to a substantial increase 
in traffic flows in the total area, without a corresponding deterioration in road safety. 
 
In Israel, Elias et al. (2006) studied the safety effects of a bypass in Majd al-Krum, a predominantly 
Arab town located in northern Israel. Their main road safety results were the following:   
- The accident rate in Majd al-Krum, which was far higher than the national average rate in 1997-
2001, came considerably closer to the national rate in the period 1992-1996. 
 
- An examination of the difference between the national percentage of serious and fatal accidents 
average and the percentage in Majdal-Krum during the period 1997-2001 showed a significant 
decrease in this difference: the difference in rate for this period was 4%, compared to 20% for the 
previous period (1992-1996).  
- The percentage of serious road accidents throughout the entire period up to 1996 was 
approximately 50%. From 1997-2001, the percentage of serious accidents fell off to 24%, whereas in 
the preceding period, the recorded rate was 46%. These results show a substantial decrease in the 
severity of accidents in Majd al-Krum following the construction of the bypass road. 
 
Elvik et al. (2001) performed a meta-analysis on data from 20 Norwegian bypass projects (opened 
between 1988 and 1995) and another meta-analysis on 9 international studies published between 
1962 and 2000. All the estimates indicated that, on average, bypasses reduced the number of 
crashes by 20 to 30 percent. There were only small differences in the summary estimates of effects 
depending on whether a fixed-effects model or a random-effects model of meta-analysis was 
applied. The fixed effects meta-analysis of 9 international evaluation studies, containing a total of 
93 estimates of the effects of bypasses, indicated an average reduction of 25 percent in the total 
number of crashes. 
 
The researchers make the following qualification: all the studies that have evaluated the effects on 
road safety of constructing bypass roads were observational before-and-after studies. None of these 
studies, including the study of 20 bypass projects in Norway, satisfied all the requirements for a 
good before-and-after study as proposed by Hauer (2007). 
 
Based on studies reviewed for the meta-analysis, Elvik and Vaa (2009) list a number of modifying 
conditions for the safety effect of bypass roads. Safety effects tend to be larger when:  
• the old road through town has a larger accident rate
• more traffic is shifted to the bypass road
• no extra traffic is generated by the new bypass
• speed-reducing measures are used to control for possible increase in speeding on old road
• intersections between the old and the new bypass road have a safer design
 
In USA, Cena et al. (2011) evaluated bypasses in locations in the state of Iowa. Their main results 
were: 
- Bypasses improve road safety on the main roads through towns:  
1. a 44% reduction in expected annual crash frequency per mile in treated sites after the 
bypass construction 
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2. after re-computing the posterior distributions of the expected annual crash frequencies on 
the main road per site per mile (normalising each site to a 10^8 AADT), there was a 35% 
reduction in expected annual crash rate per mile in treated sites after the bypass 
construction  
- Bypasses improve total road safety on the total new road network (main roads through towns 
and bypasses)  
1. overall safety first estimate: a reduction in crash frequency on the new road network after 
the construction of the bypass of about 66%.  
2. overall safety new network adjusted estimate: after re-computing the posterior 
distributions of the expected annual crash frequencies on the main road per site per mile 
(normalizing each site to a 10^8 AADT), there was an average 59% reduction in crash rates 
on the new road network after the construction of the bypasses.  
 
On average the crash frequencies were reduced by 44% on the old road network and by 66% on the 
new road network. The crash rates were reduced on average by 35% on the old road network and 
59% on the new road network. These results suggest that the construction of highway bypasses 
increases traffic safety both on the main road, the old road system running through town, and on 
the bypass at least in the state of Iowa and on the type of roads considered in this study. 
 
The researchers make the following qualification. The reported estimates may be slightly over-
estimating the true reduction in crash frequencies and rates. This overestimation is caused by the 
fact that the 19 sites that received a bypass during the study period were considered by the Iowa 
DOT to be less safe than the six sites used as comparison, which were on lower priority to receive a 
bypass. Sites were included in the treatment and comparison groups in a non-random fashion and 
therefore selection bias may be present in this dataset. The impact of selection bias is difficult to 
quantify but in general it results in overestimation of the effects of an intervention. However, as in 
the case of this study, availability of a large number of observations at a site before and after the 
intervention is implemented can largely compensate for the non-random allocation of sites to 
group. As a consequence, while still confident that a reduction in crash rates and crash frequencies 
at treated sites did occur, the researchers are somewhat cautious about the magnitude of the 
decrease. 
 
In Table 1 the main methods and results of the coded studies on bypass roads are summarised. 
 
Table 1: Summary main outcomes coded studies 
 
 
Study 
  
Method 
  
Evaluated roads 
  
Indicator 
  
Record 
  
Expected 
  
Description of main 
 
 
              
 
             ed   safety effect   outcomes  
 
             change        
 
                     
 
Jadaan, 
     
Injury 
       
6.6% decrease 
 
 Before-after  A 2-lane, undivided         
 
1988, New  design  arterial opened 1981  accidents          
 
Zealand                   
 
       A 2-lane, undivided  Overall        28.5 % decrease 
 
       arterial opened 1981  accident          
 
          rate          
 
                  
 
       A 2-lane, undivided  Serious        38% decrease 
 
       arterial opened 1981  injuries          
 
                  
 
       A 2-lane, undivided  Accident        7% decrease 
 
       arterial opened 1981  costs          
 
               
 
Elvik, 2001,  Meta-analysis  20 Norwegian bypass  Accidents        19% reduction (best estimate 
 
internation  (random and fixed  projects (opened           controlling both for regression 
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al effects) 1988-1995)    to the mean and the general 
 
      trend) 
 
       
 
  93 effect estimates Accidents   20 to 30% reduction 
 
  extracted from the     
 
  nine evaluation     
 
  studies     
 
       
 
Elias, 2006, Before-after design New bypass road Accident   In after period accident rate 
 
Israel  created in 1996 rate   on new road improved (32% 
 
      reduction) and came closer to 
 
      national average (which was 
 
      reduced 21% in same period). 
 
       
 
   % serious   In after period serious 
 
   accidents 
  
accidents reduced to 24%, 
 
      compared to 46% before. 
 
       
 
Cena, 2011, Cross-sectional, a The bypassed Crash   44% reduction in expected 
 
USA, Iowa Bayesian approach highway sites were frequency   annual crash frequency per 
 
 was used to compared to six cities old   mile in treated sites after the 
 
 estimate the that were bypassed   bypass construction 
 
 parameters in a scheduled to be road    
 
 generalised linear bypassed but did not      
     
 
 Poisson regression receive the 
Crash 
  
66% reduction in crash  
 
fitted to the crash intervention prior to 
  
 
 
frequency 
   
 
 
frequencies 2005. Most sites were 
  
 
 old and   network after the construction  
 
observed at each observed over 24 
  
 
 new road   of the bypass  
 
site years between 1982 
  
 
     
 
  and 2005, and 3 sites 
Crash rate 
  
35% reduction in expected 
 
  (sites 14, 17, and 18), 
  
 
  old   annual crash rate per mile in    were observed for 22      bypassed   treated sites after the bypass    years between      road   construction    1984 and 2005.          
 
       
 
   Crash rate   59% reduction in crash rates 
 
   old and   on the new road network after 
 
   new road   the construction of the 
 
      bypasses. 
 
       
  
 
 
 
2.3 CONCLUSIONS 
 
The main conclusions are: 
 
• Studies from various countries (Israel, New Zealand, Norway, USA) indicate that the installation 
of a bypass road to lead traffic around a town or business district reduces traffic accident rates 
on both the new and the old roads.
• The decrease in the overall accident rate varied between 19% and 66%.

• The safety effectiveness of bypass roads depends largely upon how unsafe the old situation was, 
how safe the intersections between new and old road are, how much traffic is diverted to new 
road, and how much extra traffic or uncontrolled increased speeding may be generated on the 
old road.

• In the studies, sites were included in the treatment and comparison groups in a non-random 
manner. Therefore, selection bias may be present in the studies. Although the impact of 
selection bias is difficult to quantify in general it results in an overestimation of intervention 
effects.
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3  Supporting document 
 
 
 
 
 
 
This Supporting Document on bypass roads describes the literature search strategy (Section 3.1), 
it presents a schematic overview of characteristics of coded studies (Section 3.2) and it presents 
references of coded studies and general literature (Section 3.3). 
 
 
3.1 LITERATURE SEARCH STRATEGY  
 
The literature on bypass roads and traffic risk was searched for in the international database Scopus 
on January 24th 2017. Scopus is the largest international peer-reviewed database. Table 2 describes 
the search terms and logical operators and the number of hits for the search on bypass roads. 
 
Table 2: Used search terms and logical operators 
 
No 
  
Search terms/logical operators/combined queries 
  
hits 
 
 
      
 
         
 
         
 
#1   bypass or by-pass and road 844  
 
       
 
#4   “safe*” OR “countermeasure*” OR “crash*” OR “accident*” OR “incident*” OR “collision*” OR 
7.702.865 
 
 
    
“risk*” OR “impact*” OR “severity” 
 
 
       
 
     
 
#4 AND #5  All years 299  
 
       
 
#6   Limitation, exclusions: Published: 1990 to current, Source type: Journals or Conference 
101 
 
 
    
Proceedings, Subject Area: Engineering, Social Sciences, Psychology, Language: English 
 
 
       
 
         
 
 
 
Of the 101 publications 18 studies were specifically concerned with planning, design or impacts of 
bypass roads. These 18 selected studies were further screened to determine relevance for coding in a 
second screening round. In the second round the studies were further checked from either abstracts 
and/or full-text copies of the papers. Table 3 first summarises the main outcomes of the selection 
steps. Table 4 presents the results of the second screening round and describes the final decisions. 
 
 
Table 3: Selection of studies for coding 
 
 
Selection steps 
  
Not selected 
  
Selected 
 
 
      
 
    first round   first round  
 
         
 
Excluded: School zones not evaluated in terms of speed or accident data 83     
 
      
 
Selected after initial screening    18  
 
      
 
Added after screening references (Elvik, 2001, Jadaan, 1988)    2  
 
      
 
Total selected    4  
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 Table 4: Selection of studies to be coded in second screening round 
 
  
Reference 
  
Relevant (= safety 
  
To be coded 
 
 
       
 
     results reported)     
 
          
 
1 Asche, H., Peglas, T. & Wood, E., 2005. Planning and preliminary design of the North-  No  No 
 
 South Bypass Tunnel, Brisbane, Australia. In Proceedings - Rapid Excavation and       
 
 Tunneling Conference.       
 
      
 
2 Best, M. & Davies, W., 2013. Dealing with projected capacity constraints in road project  No  No 
 
 appraisal. In Australasian Transport Research Forum, ATRF 2013 - Proceedings.       
 
      
 
3 Boyce, J.C. & Thorndyke, A.I., 1994. Planning and design of the A12 Gorleston relief  No  No 
 
 road. Highways and transportation, 41(6).       
 
      
 
4 Cena, L.G. et al., 2011. A Bayesian assessment of the effect of highway bypasses in Iowa  Yes  Yes 
 
 on crashes and crash rate. Journal of Safety Research, 42(4).       
 
      
 
5 Chandler, J. & Taylor, R., 1990. M63 widening and improvement Junctions 3 to 5.  No  No 
 
 Planning and design. Highways and transportation, 37(4).       
 
      
 
6 De Borger, B. & Proost, S., 2013. Traffic externalities in cities: The economics of speed  No  No 
 
 bumps, low emission zones and city bypasses. Journal of Urban Economics, 76(1).       
 
      
 
7 Elertson, L., 2015. Ventilation simulation of a large and complex road tunnel: A safe  No  No 
 
 journey - E4 the Stockholm bypass project. In BHR Group - 16th International       
 
 Symposium on Aerodynamics, Ventilation and Fire in Tunnels 2015.       
 
      
 
8 Elias, W. & Shiftan, Y., 2011. The safety impact of land use changes resulting from  Yes  Yes 
 
 bypass road constructions. Journal of Transport Geography, 19(6).       
 
      
 
9 Espie, J., Stevens, D. & Thompson, C., 1993. Prudhoe bypass from feasibility study to  No  No 
 
 final completion. Highways and transportation, 40(4).       
 
      
 
10 Falcon, R., Longthorne, J. & Eddis, R., 2005. Design and construction of the Toome  No  No 
 
 bypass, Northern Ireland. In Proceedings of the Institution of Civil Engineers: Municipal       
 
 Engineer.       
 
      
 
11 Hewitt, N., 1999. Completing the M60 ring - strategic approach and effects. Highways  No  No 
 
 and Transportation, 46(9).       
 
      
 
12 Kanaroglou, P.S., Anderson, W.P. & Kazakov, A., 1998. Economic impacts of highway  No  No 
 
 infrastructure improvements part 1. Conceptual framework. Journal of Transport       
 
 Geography, 6(3).       
 
      
 
13 Koskinen, O.H. & Sauna-Aho, J., 2009. Transport telematics vs. bypass motorway: Can  No  No 
 
 utilization of telematics eliminate the need of motorway construction? In Intelligent       
 
 Transportation Society of America - 12th World Congress on Intelligent Transport       
 
 Systems 2005.       
 
      
 
14 Law, M.J., 2012. Speed and blood on the bypass: The new automobilities of inter-war  No  No 
 
 London. Urban History, 39(3).       
 
      
 
15 Poole Jr, R.W. & Sugimoto, Y., 1995. Congestion relief toll tunnels. Transportation,  No  No 
 
 22(4).        
 
      
 
16 Ramos, O.R., Ortega, G. & Pantaleon, M.J., 2014. Viaduct over Genil River. Granada  No  No 
 
 external bypass. In Engineering for Progress, Nature and People.       
 
      
 
17 Tracz, M. & Kieć, M., 2016. Operational problems of 2+1 bypass road sections. Archives  No  No 
 
 of Transport, 38(2).       
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18 Vitkunas, R. & Meidute, I., 2011. Evaluation of bypass influence on reducing air polution No No 
 in Vilnius City. Transport, 26(1).   
    
 
 
3.2 CHARACTERISTICS CODED STUDIES 
 
Table 5 presents background characteristics of the coded studies. 
 
Table 5: Overview of main characteristics of coded studies 
 
Author(s), 
  
Study type 
  
Sample/Measurement 
  
Analysis 
 
 
        
 
 Year,           
 
 Country           
 
             
            
 
Jadaan, 
 
This paper investigates the effect 
 
Accident and traffic data collected for 
 
Comparisons are made of the 
 
   
 
1988, New  of the opening of the Southern  four years before, and four years  accident rates in the region 
 
Zealand  Arterial— a two-lane, undivided  after the opening of the arterial were  of the arterial and for the 
 
    arterial road in Christchurch,  examined. Accidents along the links  Christchurch metropolitan area 
 
    New Zealand — on accidents in  and at intersections were analysed.  as a whole. 
 
    the region of the arterial, using a       
 
    before-and-after study.       
 
       
 
Elvik, 2001,  A meta-analysis was done on  The projects involved constructing  Both a random-effects analysis 
 
Norway  data from 20 Norwegian bypass  bypass roads around 20 small towns,  and a fixed-effects analysis was 
 
    projects  none of which had a population of  done. 
 
       more than about 25,000. The bypass    
 
       roads were opened 1988-1995.    
 
         
 
    Another meta-analysis on 9  93 estimates of effects were extracted  Both a random-effects analysis 
 
    international studies 1962-2000  from the 9 international evaluation  and a fixed-effects analysis was 
 
       studies  done. 
 
       
 
Elias, 2006,  This paper analyses the safety  The town selected for focus is called  The analysis examined the 
 
Israël  and accident impacts, as well as  Majd Al-Krum, a predominantly Arab  difference between the national 
 
    the economic effects, of the  town located in northern Israel.  percentage of serious and fatal 
 
    construction of a bypass road     accidents average and the 
 
    using a case study in Israel.     percentage in Majd-Al-Krum in 
 
          1992-1996 vs. 1997-2001. 
 
          Another analysis looked at the 
 
          percentage of serious road 
 
          accidents 1972- 1996 vs. 1997- 
 
         2001.  
 
       
 
Cena, 2011,  This study evaluated several  The crash database was constructed by  The researchers fitted a Poisson 
 
USA, Iowa  bypassed communities in the  the Iowa DOT and was utilised to  regression model with a log-link 
 
    state of Iowa. The study aims to  obtain traffic safety information over  function to associate the crash 
 
    answer two questions:  several years before and several years  rate to a set of covariates. The 
 
    1. Are bypasses associated with a  after the intervention (the construction  over-dispersion that is typically 
 
    reduction in crash frequencies  of the bypass). The bypassed sites were  observed in the distribution of 
 
    and/or rates on the bypassed  compared to six cities that were  crashes is accounted for in a 
 
    communities?  scheduled to be bypassed but did not  Poisson-log normal model. A set 
 
    2. Are bypasses associated with a  receive the intervention prior to 2005.  of trigonometric functions was 
 
    reduction in overall crash  Sites were distributed over 25 towns  included in the model to account 
 
    frequency and/or rates or do they  and cities in Iowa.  for the seasonal effects on 
 
    merely shift the crashes from the  Most sites were observed over 24 years  crashes. A generalised Poisson 
 
    highway through the community  between 1982 and 2005, and 3 sites  model was fitted to the crash 
 
    to the bypass with no significant  (sites 14, 17, and 18), were observed for  frequencies. In the model, the 
 
    overall  22 years between 1984 and 2005. Sites  mean is expressed as a rate times 
 
    reduction in frequencies and/or  1 to 19 were the bypassed sites and  an exposure, which in this case is 
 
    rates?  will be referred to as treatment or  the traffic volume at a site during 
 
       treated sites. The data collected by the  a particular time period. In the 
 
       Iowa DOT included site length  second level of the model, the 
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 Author(s), 
  
Study type 
  
Sample/Measurement 
  
Analysis 
 
 
        
 
 Year,           
 
 Country           
 
             
            
 
       (miles),crash frequency (crashes per  log rate is expressed as a 
 
       month), traffic volume (average annual  piecewise linear function of time 
 
       monthly traffic, AADT), vehicle miles  periods, seasonal effects, and a 
 
       travelled (monthly vehicle miles  random effect corresponding to 
 
       travelled), and monthly crash rate  each site 
 
       (monthly crash frequency per vehicle    
 
       miles travelled). These data were    
 
       available separately for the through    
 
       road, the bypass, and for the two    
 
       roadways combined.    
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Synopsis 16: Road surface 
treatments 
 
Improve friction (type of surface) 
Road re-surfacing to improve evenness 
Ice prevention / Winter maintenance 
 
 
 
 
1 Summary 
 
Pogačnik Kokol, E., April 2017 
 
1.1 COLOUR CODE 
Colour code: Light green. 
 
Coding studies shows that there is a strong statistical relationship between road surface treatments 
and road safety. Different road surface treatments (resurfacing, improve friction, investing in 
maintenance) have a positive effect on crash reduction. On the other hand, a meta-analysis shows a 
non-significant effect of road surface treatments on road safety.  
 
1.2 KEY-WORDS 
Road surface, road maintenance, skid resistance, road safety, infrastructure spending, safety 
performance function (SPF), crash modification factors (CMF), multiple treatments, roadside 
elements, highway safety manual (HSM), regulation, safety effectiveness, surface treatment 
pavement (road covering). 
 
1.3 ABSTRACT 
Road surface has to be maintained in such way that it enables secure traffic. Road surface 
treatments are methods for extending the lifetime of deteriorating road pavement. Well-
maintained road surfaces with adequate skidding resistance help to minimize traffic accidents. The 
relationships between road surface characteristics and crash occurrence have been established in a 
number of studies. This synopsis deals with improving friction, resurfacing and winter maintenance 
which are important surface characteristics with regard to safety.  
Across all four coded studies, results have highlighted that road surface treatments have positive 
influence on road accident reduction. But the two meta-analysis shows that resurfacing does not 
appear to cause statistically reliable changes in accident numbers.  
 
1.4 BACKGROUND 
1.4.1 What is the effect of road surface treatments on road safety? 
Different pavement parameters and other factors contribute to crash occurance. The surface course 
may become worn or damaged overtime due to ageing, weathering and the action of road traffic.  
Chan et al. are writing that the rapid growths of population and traffic volume result in accelerated 
deterioration on highway infrastructure. Excessive pavement distress contributes to lower ride 
quality, vehicle damage and traffic crashes. Drivers tend to slow down when driving on distressed 
pavements, which results in more traffic congestion and air pollution. Proper pavement 
maintenance is critical for ensuring good ride quality and the avoidance of congestion, air pollution, 
and traffic crashes. 
Numerous studies on traffic safety have been conducted over decades. Most of them were focused 
on various perspectives such as highway geometrics, vehicle conditions, and human factors. Very 
limited studies have been carried out relating the pavement condition to traffic safety. Before the 
1990s, due to the lack of pavement data collection technology, it was very difficult to carry out 
statewide scale studies relating pavement conditions to traffic safety (Chan et al., 2009).  
The contributions of different pavement condition parameters to crash occurance need to be 
established so that it is clear to the responsible road agency what surface condition parameters need 
to be also considered in triggering and/or selecting pavement preservation treatment (Hussein). 
 
1.4.2 What is the effect of road surface on accident type? 
The relationships between crashes or crash victims and road scenario can be represented by many 
confounding variables that can influence crash occurrence or injury severity. Some available 
research in the scientific literature has focused more on the effects on the crashes of demographic, 
psychological, situational andbehavioural factors (Norris et al., 2000; Abbas and Al-Hossieny, 
2004;Chandraratna et al., 2006; Bouaoun et al., 2015) than others, that focused on the relationships 
between the driver perception of the evolution of the geometric road features of a traveled path and 
risk of a crashes, as well as number of crashes during a study period (AASHTO, 2010;Aarts and Van 
Schagen, 2006; Elvik et al., 2004).It seems, therefore, that one way to powerfully help reduce crash 
casualties and the number of the crashes is to design a roadway that meets driver expectations in  
improving road alignment consistency (Russo et al., 2016). 
 
1.4.3 How is the effect of road surface studied? 
The most commonly used methods are observational and before-after methods. In the study of Park 
et al., CMF-Crash modification factor is used. CMF is a factor that can estimate potential changes in 
crash frequency as a result of implementing a specific treatment (or countermeasures). 
Observational before-after studies are the most common methods for evaluating safety 
effectiveness and calculating CMFs of specific roadway treatments. There are generally four 
approaches used to perform observational before-after studies: (1) naïve before-after study, (2) 
before-after study with yoked comparison, (3) before-after study with comparison group and (4) 
before-after study with the Empirical Bayes (EB) approach. Among various before-after studies, 
Empirical Bayes and Comparison Group methods are more common approaches. Moreover, the 
HSM (Highway Safety Manual) contains CMFs derived from cross-sectional studies. The cross-
sectional method is also known as safety performance functions (SPFs) or crash prediction models 
(Park et al.).   
For the majority of presented studies, their national accident or other traffic related database were 
used as a starting point. Studies deal with winter maintenance, infrastructure maintenance, 
intersections andskid resistance classifications, while one deals with single and combined 
treatments.  
 
1.5 MAIN CONCLUSION 
Two (2) meta-analyses and four (4) studies present the effect of different road surface treatments in 
various countries. Studies deal with improving friction, road re-surfacing and winter maintenance. 
The methods used in the studies are: meta-analysis, negative binomial regression analysis, 
observational and before-after.  
Here are the main conclusions: 
- Increases in accidents, thought not statistically significant, were found when ceasing to salt roads 
that were previously salted, 
- implementing salting for the season is found to reduce person injury accidents (on the section with 
salting the entire winter season), 
- resurfacing has a positive influence on reducing crashes, 
- investing in maintenance produces a safety benefit in terms of a reduction in the fatality rate, 
- spendingon road maintenance reduces the rate of fatalities and casualties, 
- the two single treatments (shoulder rumble strips, widening shoulder width) and the combined 
treatment (shoulder rumble strips + widening shoulder width) produced a safety improvement. The 
safety effects were higher for roadway segments with shoulder rumble strips and wider shoulder 
width, 
- in the dangerous sections the level of skid resistance should be increased in order to achieve the 
same level of safety as on the non-dangerous section, 
- 1 monetary unit spent on the improvements of skid resistance on relevant road sections can bring 
savings of up to 10 monetary units by preventing loss of lives, injuries and material losses due to 
accidents.  
2 Scientific overview 
 
 
2.1 LITERATURE REVIEW 
 
There are not a lot of studies dealing with road surface treatment countermeasures. Lots of studies 
deal with the risk factors.  
 
2.2 DESCRIPTION OF STUDIES 
 
Coded studies on road surface treatment deal with these main objectives: 
- to assess the contributions of different pavement condition parameters and other factors to crash 
occurance,  
- develop Crash modification factors (CMFs) for two single treatments (shoulder rumble strips, 
widening shoulder width) and one combined treatment (shoulder rumble strips + widening shoulder 
width),  
- evaluate the accuracy of the combined CMFs for multiple treatments estimated by the existing 
methods based on actual evaluated combined CMFs. 
 
One meta-analysis study deals with road resurfacing, while the other meta-analysis deals with 
winter maintenance. Three coded studies deal with re-surfacing and one deals with improving 
friction.  
 
Høye & Bjørnskau’s (2013) meta-analysis studies focus on the effect of winter maintenance on 
accidents. This section is on the effect of salting during the entire winter season. Implementing 
salting for the season is found to reduce person injury accidents by 15 %, and damage only accidents 
by 19 % (the latter is not statistically significant). Similary, increases in accidents, thought not 
statistically significant, were found when ceasing to salt roads that were previously salted. All studies 
are fairly old. The results of the studies vary greatly, and results from studies have found a positive 
effect of salting may possibly be partly or fully explained by differences between salted and non-
salted roads in terms of average speed, road standard and traffic volume. The literature review 
explores weather, how often the road is slippery, preventive salting and summer time effects of 
winter time salting.  
 
Høye’s 2014 meta-analysis study deals with the effect of road resurfacing (asphalt) on accident rates 
for fatal accidents and all accidents, and wet and dry roads, as well as on all roads (with no 
distinction between wet and dry). The measure does not appear to cause statistically reliable 
changes in accident numbers.  
All results are based on before-after studies, and most have not controlled for regression to the 
mean. However, no systematic differences were found between studies that had and had not 
controlled for regression to the mean. Most studies do not distinguish between wet and dry road 
surface.  
Non-coded analyses indicate that the effect of road resurfacing does not change over time, and that 
the effect of the measure does not differ between straight and curved road segments. 
 
In the study of Hussein et al. (2016), EB approaches were used to evaluate safety performance at 136 
intersections in a metropolitan region of Melbourne, Australia, which were identified to have been 
resurfaced with asphalt over the period 2005-2010. Crash frequencies at signalised intersections 
could be a reflection of poor pavement surface condition, and the relationship of road surface 
characteristics with crash occurance has been established in a number of studies. 
The safety effectiveness of surface treatment was evaluated using Empirical Bayes (EB) approach to 
account for regression to the mean bias and traffic volume change through using safety 
performance function (SPF). Safety effects were estimated for total casualty, high severity (fatality 
and serious injury) and other injury crashes. For conducting EB method a reference group was 
selected with similar traffic volumes and site characteristics to the treated sites. Negative Binomial 
regression was applied to develop SPFs that were used to predict the expected number of crashes at 
the treated sites. The main aim of the study was to assess the contributions of different pavement 
condition parameters and other factors to crash occurance. 
The data collected for studying safety performance of the identified signalised intersections 
included: 
- crash data at the treated approach of each site for 5 years before and 3 to 5 years after treatment 
year, 
- traffic volume data for the years before treatment and after treatment covering the same number 
of years as available crash data , 
- the evaluation period of 5 years before and 3-5 years after treatment year was selected as multiples  
12 month periods to control for seasonal bias in the evaluation. 
Crash data were collected from VicRoads (2014) which contains information on crashes that occured 
during a 13-year period of interest (2000-2013) as provided by the Victorian police.  
The results of EB approach revealed that the treatment effect was found to be significant at 95 % 
confidence level for all crash severity levels. The evaluation results also showed that total casualty 
crashes were reduced by 21.3 % with a standard error of 3.13 % and high severity (fatality and 
serious injury) crashes were reduced by 15.3 % with a standard error of 5.56 %. Pavement surface 
treatment was found to reduce other injury crashes by 21.4 % with a standard error of 3.75 %.  
 
The main objectives of the Park et al. study are: (1) develop crash modification factors (CMFs) for 
two single treatments (shoulder rumble strips, widening shoulder width) and one combined 
treatment (shoulder rumble strips + widening shoulder width) using before-after and cross-sectional 
methods and (2) evaluate the accuracy of the combined CMFs for multiple treatments estimated by 
the existing methods based on actual evaluated combined CMFs. Data was collected for rural multi-
lane highways in Florida and four safety performance functions (SPFs) were estimated using 360 
reference sites for two crash types (All crashes and Single Vehicle Run-off Roadway (SVROR) 
crashes), and two severity levels (all severity  (KABC0) and injury (KABC)).  
Three sets of data for Florida were used in the study: roadway characteristics inventory (RCI) data 
for six years (2005-2010), financial project information, and crash data for ten years (2003-2012).  
The results of both methods show that the two single treatments and the combined treatment 
produced safety improvement. It was found that safety effects were higher for the roadway 
segments with shoulder rumble strips and wider shoulder width. It was also found that the 
treatments were more safety effective (i.e. lower CMF) for the roadway segments with narrower 
original shoulder width in the before period. 
The results show that the safety effects of all the treatments with different shoulder width are 
positive and significant at 95 % level except for the safety effects of shoulder rumble + widening 
shoulder width on the roadway segments with 8-12 ft shoulder. Moreover, the results show that the 
CMFs for the roadway segments with 4-6 ft shoulder width are notably lower than the CMFs for 8-12 
ft shoulder width. These results imply that the safety effects of the three treatments decrease when 
they are applied to roadway segments with wider shoulder width.  
An average of the combined CMFs from the best two methods was closer to the actual CMF than the 
combined CMF from only one best method. This indicates that it is better not to rely on only one 
specific existing method of combining CMFs in order to predict CMF for multiple treatments. 
 
In Spain public authorities have been active in improving road safety outcomes by (1) providing new 
or better infrastructure (infrastructure spending) and (2) enforcing public measures (regulation). 
After constructing a panel data set with road safety outcomes for all Spanish provinces between 
1990 and 2009, Albalate et al. evaluated the role of the technical characteristics of infrastructure and 
recent infrastructure spending together with the main regulatory changes introduced. Information 
was from the Spanish Transport Ministry and included 50 provinces monitored between 1990 and 
2010 (1050 observations).  
The results show the importance of considering both types of determinants in a unified framework. 
Moreover, the study highlights the importance of maintenance spending given its effectiveness in 
reducing fatalities and casualties in the current economic context of austerity that is having such a 
marked impact on investment efforts in Spain. The fact that spending on maintenance is much more 
relevant to road safety than construction spending should encourage governments to implement 
maintenance programmes not only to guarantee efficient connections, but also to enhance safety 
standards and so reduce the economic and social costs of accidents.  
 
Kudrna et al., in their study, describe that the relative number of fatal road accidents in Central and 
East European countries of EU is several times higher than in the advanced EU countries. To address 
this problem a research project focusing on road skid resistance and its classification has been 
launched in the Czech Republic. The international comparative measurements (using SCRIM, 
SKIDDOMETER, GripTesters and Tatra Runway Tester (TRT)) were carried out in the Czech Republic 
in order to identify the correlations among these types of measurement devices and improve the 
Czech road skid resistance classification. The measured and classified skid resistance data of South 
Moravian road network and crash accidents were incoroporated into the Pavement Management 
System RoSy. It was found that on the road sections requiring the prediction of traffic speed or 
change of travel direction (cross sections, slopes and low radius of curves) the skid resistance was 
lower than on the adjacent sections. At the same time, an exponential increase of accidents 
depending on skid resistance occured at these sections. A programme for decreasing the number of 
accidents on the main road network based on the identification and the improvement of skid 
resistance on dangerous road sections was proposed.  
 
2.3 DESCRIPTION OF ANALYSIS CARRIED OUT 
 
The following table presents the main outcomes from the coded studies. The effects on road safety 
are coded as 
↗ = significant increase of crash/victim numbers = threat to road safety 
↘ = significant decrease of crash/victim numbers = improvement of road safety 
-   = no significant change 
 
Table: Summary of study results 
Author, 
Year, 
Country 
Exposure variable 
Outcome 
variable 
Effects for Road 
Safety 
Main outcome - description 
Høye, A. 
 
Road resurfacing 
(asphalt) 
 
Accident 
number/count 
 
Percent change in 
accident 
numbers, based 
on random 
effects meta-
analysis  
Non-significant 
effect on road 
The measure does not appear to cause 
statistically reliable changes in accident 
numbers. 
safety 
Høye, A. & 
Bjørnskau, T. 
 
Salting roads 
(Introduction or 
cessation of salting 
the entire winter 
season) 
Accident 
numbers 
Percent change in 
accidents from 
fixed effects 
meta-analysis  
Non-significant 
effect on road 
safety 
Salting for the season is found to reduce person 
injury accidents and damage only (the latter is 
not statistically significant). Similarly, increases 
in accidents, though not statistically significant, 
were found when ceasing to salt roads that were 
previously salted.  
Albalate, D., 
Fernandez, L., 
Yarygina, A. 
Infrastructure 
maintenance 
Fatalities and 
non-urban 
fatalities 
 
 
Negative 
binomial fixed 
effects fatalities = 
-0.2537 (-0.3284) 
 
Infrastructure 
maintenance has 
significant 
positive effect on 
road safety. 
The impact of road maintenance investment on 
total fatalities is statistically significant. The sign 
of this coefficient indicates that spending in 
maintenance is effective in reducing both 
fatalities and casualties.  
 
Kudrna, J., 
Vojtešek, A., 
Mališ, L., Nekula, 
L. 
Road maintenance Crashes  
 
 
 
1 monetary unit spent on the improvements of 
skid resistance on relevant road sections can 
bring savings of up to 10 monetary units by 
preventing loss of lives, injuries and material 
losses due to accidents. 
Nasreen Ahmed 
Hussein & Rayya 
A. Hassan 
Road treatment 
(resurfacing) 
Crash severity 
levels (Total 
casualty, high 
severity, other 
injury)  
 
 
Safety 
effectiveness  
Resurfacing has 
significant 
positive effect on 
road safety 
Results indicated that for the types of crashes 
assessed/considered herein, resurfacing has a 
positive effect on reducing them. Results of EB 
approach revealed that the treatment effect is 
significant at the (approximate) 95 % 
confidence level in reducing the total casualty 
crashes by 21.3 %, high severity crashes (fatality 
and serious injury) by 15.3 % and other injury 
crashes by 21.4 %.  
Park, J., Abdel-
Aty, M., lee, C. 
Two single 
treatments 
(shoulder rumble 
strips, widening 
shoulder width) and 
one combined 
treatment (shoulder 
rumble strips + 
widening shoulder 
width)  
 
All crash types 
(all severities) 
and All crash 
types (fatal + 
injury) 
 
 
 
 
Crash 
modification 
factor 
 
The results show that the safety effects of all 
the treatments with different shoulder width are 
positive and significant at 95 % level except for 
the safety effects of shoulder rumble + widening 
shoulder width on the roadway segments with 
8-12 ft shoulder. Moreover, the results show 
that the CMFs for the roadway segments with 4-
6 ft shoulder width are notably lower than the 
CMFs for 8-12 ft shoulder width. These results 
imply that the safety effects of the three 
treatments decrease when they are applied to 
roadway segments with wider shoulder width. 
 
 
 
 
 
3 Supporting document 
 
 
3.1 METHODOLOGY 
3.1.1 Literature search strategy 
A literature search was conduced in December 2016. It was carried out in 1 database-Scopus. Details 
of search terms used are listed in the following tables. Search results were limited to journal papers 
and conference proceedings in English language, published after 2000.  
 
The following criteria were applied to a key word search in the database Scopus 
• Search field: TITLE-ABS-KEY 
• published: 2000 to current 
• Document Type: “Review” and “Article” 
• Language: “English”  
• Source Type: „Journal“and “Conference Proceedings” 
• Exclusion of several countries 
 
Database: Scopus   Date: 02th of December 2016 
search no. search terms / operators / combined queries hits 
#1 road surface 12,222 
#2 road surface treatment 679 
#3 improve friction OR improve resurfacing OR ice prevention OR improve 
evenness 
8,272 
#4 improve AND friction OR resurfacing OR ice prevention OR evenness 7,441 
#5 #2 AND #3 19 
#6 #2 AND #4 15 
#7 #2 AND improve AND crash AND road safety AND road resurfacing OR 
friction OR ice prevention OR evenness 
4 
 
Database: Scopus   Date: 05th of December 2016 
search no. search terms / operators / combined queries hits 
#1 road surface AND treatment AND accident OR crash OR road safety OR 
prevention 
85 
#2 road surface AND treatment AND measure AND crash 3 
#3 Road surface AND treatment AND countermeasure AND crash 5 
 
References from Scopus “road surface” search 
- Wang, D., Oeser, M. (2015). Interface treatment of longitudinal joints for porous asphalt pavement. 
International Journal of Pavement Engineering, Volume 17, Issue 8, 13 September 2016, Pages 741-
752. 
- Nasreen Ahmed Hussein & Rayya A. Hassan, (2016) Evaluating safety effectiveness of surface 
treatment at signalised intersections: a before and after study. International Journal of Pavement 
Engineering, http://dx.doi.org/10.1080/10298436.2016.1234279. 
- Ma, J. and Li, Z. (2010) Bayesian Modeling of Frequency-Severity Indeterminacy with an 
Application to Traffic Crashes on Two-Lane Highways. ICCTP 2010: pp. 1022-1033. doi: 
10.1061/41127(382)110  (NO FREE ACCESS) 
 
- Persaud, B., Eccles, K., Amjadi, R. (2010). Recent U.S. Research on Safety Evaluation of Low-Cost 
Road Engineering Safety Countermeasures – Lessons for Canada. TAC/ATC 2010 - 2010 Annual 
Conference and Exhibition of the Transportation Association of Canada: Adjusting to New Realities. 
- Uzarowski, L., Maher, M., Farrington, G. (2005). Thin Surfacing - Effective Way of Improving Road 
Safety within Scarce Road Maintenance Budget. TAC/ATC 2005 - 2005 Annual Conference and 
Exhibition of the Transportation Association of Canada: Transportation - Investing in Our Future. 
- Amjadi, R., Merritt, D., & Sherwood, J. (2014). Gaining Traction on Roadway Safety. Public 
Roads, 78(1), 2-11. 
- De Rome, L., Senserrick, T. (2011). Factors Associated with Motorcycle Crashes in New South 
Wales, Australia, 2004 to 2008. Transportation Research Record Journal of the Transportation 
Research Board · December 2011 DOI: 10.3141/2265-06.  
 
Studies, which were already found in previous search for the Task 5.1, and are related to 
countermeasures: 
 
- Leden, L., Hamalainen, O., Manninen, E. (1997). The effect of resurfacing on friction, speeds and 
safety on main roads in Finland. Accid. Anal. and Prev., Vol. 30, No. 1, pp. 75-85, 1998. 
- Abeysekera, J., Gao, C. (2001). The identification of factors in the systematic evaluation of slip 
prevention on icy surfaces. International Journal of Industrial Ergonomics 28 (2001) 303–313. 
- Kudrna, J., Vojtešek, A., Mališ, L, Nekula, L. (????). Road skid resistance influence on the number of 
crash accidents.  
- Lord, D., Mannering, F. (2010). The statistical analysis of crash-frequency data: A review and 
assessment of methodological alternatives. Transport Research Part A 44, 291-305. 
- Shively, T.S., Kockelman, K., Paul, D. (2010). A Bayesian semi-parametric model to estimate 
relationships between crash counts and roadway characteristics. Transportation Research Part B 44, 
699-715. 
- Morgan, A., Mannering. F.L. (2011). The effects of road-surface conditions, age, and gender on 
driver-injury severities. Accident Analysis and Prevention 43, 1852-1863. 
- Chan, C.Y., Huang, B., Yan, X., Richards, S. (2010). Investigating effects of asphalt pavement 
conditions on traffic accidents in Tennessee based on the pavement management system (PMS). 
Journal of Advanced Transportation 44, 150-161. 
- Albalate, D., Fernandez, L., Yarygina, A. (2013). The road against fatalities: Infrastructure spending 
vs. regulation??. Accident Analysis and Prevention 59, 227-239. 
- Russo, F., Busiello, M., Dell’Acqua, G. (2016). Safety performance functions for crash severity on 
undivided rural roads. Accident Analysis and Prevention 93, 75-91. 
- Barišić, I., Dimter, S., Netinger, I. (2010). Possibilities of application of slag in road construction. 
Technical Gazette 17, 4, 523-528. 
- Jateikiene, L., Andriejauskas, T., Lingyte, I., Jasiuniene, V. (2016). Impact assessment of speed 
calming measures on road safety. Transportation research Procedia 14, 4228-4236. 
 
Meta-analysis:  
Høye, A. (2014). Resurfacing of roads. The Handbook of Traffic Safety Measures, Norwegian (online) 
edition 
Høye, A. & Bjørnskau, T. (2013). Winter maintenance. The Handbook of Road Safety Measures, 
Norwegian (online) version 
 
3.1.2 Analysis of study design and methods 
Two meta-analyses and four studies researching the measures of road surface treatment have been 
coded, analysed and summarised. Three coded studies deal with re-surfacing and one deals with 
improving friction.  
The most commonly used methods in the presented studies were observational and before-after.  
3.1.3 Summarising the results 
Across all 4 coded studies, results have highlighted that road surface treatments have a positive 
influence on reducing road accidents. The Hussein et al. study indicated that resurfacing has a 
positive effect on reducing crashes. The Albalate et al. study highlighted the importance for road 
safety studies of jointly considering the characteristics of road infrastructure and investment in that 
infrastructure. The result of both before-after and cross-sectional methods in the Park et al. study 
show that the two single treatments and the combined treatment produced safety improvement. 
Safety effects were higher for the roadway segments with shoulder rumble strips and wider 
shoulder width. In the Kudrna et al. study it was found that on the road sections requiring the 
reduction of traffic speed or change of travel direction (cross sections, slopes and low radius of 
curves) the skid resistance was lower than on the adjacent sections. At the same time, an 
exponential increase of accidents depending on skid resistance occurred at these sections.  
On the other hand, the meta analysis of Høye, A. (2014) shows that resurfacing does not appear to 
cause statistically reliable changes in accident numbers.  
The meta-analysis of Høye, A. & Bjørnskau, T., which deals with winter maintenance (salting) 
shows that implementing salting for the season is found to reduce person injury accidents by 15 %, 
and damage only accidents by 19 % (the latter is not statistically significant). Similarly, increases in 
accidents, though not statistically significant, were found when ceasing to salt roads that were 
previously salted. 
 
Table: Description of coded studies design 
 
Author(s), 
Year  
Sample and study design 
 
Method of 
analysis 
Outcome 
indicator 
Main result 
Høye, A. (2014) Resurfacing of roads 
 
Meta-analysis 
(random effects) 
Before-after 
All accidents 
(accident 
number/count) 
Literature review and meta-
analysis on the effect of road 
resurfacing (asphalt) on 
accident rates for fatal 
accidents and all accidents, 
and on wet and dry roads, as 
well as on all roads (with no 
distinction between wet and 
dry). The measure does not 
appear to cause statistically 
reliable changes in accident 
numbers. 
Høye, A. & 
Bjørnskau, T. 
 
Winter maintenance 
 
Meta-analysis (fixed 
effects) 
Accident numbers Implementing salting for the 
season is found to reduce 
person injury accidents by 15 
%, and damage only 
accidents by 19 % (the latter 
is not statistically 
significant). Similarly, 
increases in accidents, 
though not statistically 
significant, were found when 
ceasing to salt roads that 
were previously salted. 
Albalate, D., 
Fernandez, L., 
Yarygina, A. 
Information from the Spanish Ministry 
of Transport, 50 provinces monitored 
between 1990 and 2010. The model 
contains variables that capture specific 
features of the infrastructure and 
spending on construction and 
maintenance, as well as traffic rules 
Observational, 
Cross-sectional 
Fatalities 
Non-urban fatalities 
Investing in maintenance 
produces a safety benefit in 
terms of a reduction in the 
fatality rate. 
and others controls.  
 
Kudrna, J., 
Vojtešek, A., 
Mališ, L., 
Nekula, L. 
23 sections from 2 districts’ road 
networks were chosen.  
International comparative 
measurements (using SCRIM, 
SKIDDOMETER, GripTesters and Tatra 
Runway Tester (TRT)) were used. 
The Czech skid resistance classification 
was developed on the basis of 
measurements in previous 35 years.  
All the accidents causing personal 
injuries or physical damages are 
registered in Police Traffic Department 
Database.  
Observational Mean year 
accidents number 
per kilometre of 
road 
The research suggests that 
even under conservative 
assumptions, 1 monetary 
unit spent on the 
improvements of skid 
resistance on relevant road 
sections can bring savings of 
up to 10 monetary units by 
preventing loss of lives, 
injuries and material losses 
due to accidents. 
Nasreen 
Ahmed Hussein 
& Rayya A. 
Hassan 
Crash data collected from VicRoads 
(2014), for 5 years before and 3 to 5 
years after treatment. Traffic volume 
data-Annual Average Daily Traffic 
(AADT).  
 
Before-after Total casualty 
High severity 
Other injury 
Results of EB approach 
revealed that the treatment 
effect is significant at the 
(approximate) 95% 
confidence level in reducing 
the total casualty crashes by 
21.3%, high severity crashes 
(fatality and serious injury) 
by 15.3% and other injury 
crashes by 21.4%. 
Park, J., Abdel-
Aty, M., lee, C. 
Roadway characteristic inventory (RCI) 
data for six years (2005-2010), financial 
project information, and crash data for 
ten years (2003-2012).  
Observational, 
Before-after 
All crashes KABC0 
All crashes 
The results show that the 
safety effects of all the 
treatments with different 
shoulder width are positive 
and significant at 95 % level 
except for the safety effects 
of shoulder rumble + 
widening shoulder width on 
the roadway segments with 
8-12 ft shoulder. 
 
 
3.1.4 Full list of studies 
 
Table 3 Final list of coded studies, and reason to exclude studies that should have been coded 
Authors Title Year Country Status Reason for exclusion 
Høye, A. 
 
Resurfacing of roads 
 
2014 United 
Kingdom, 
United States, 
Sweden, 
Finland 
Meta-
analysis 
 
Høye, A. & Bjørnskau, 
T. 
 
Winter maintenance 
 
2013 Norway, 
Sweden, 
Finland 
Meta-
analysis 
 
Russo, F., Busiello, M., 
Dell’Acqua, G.  
Safety performance functions for crash severity on undivided 
rural roads 
2016 Italy Not coded Not relevant 
Albalate, D., 
Fernandez, L., 
Yarygina, A.  
The road against fatalities: Infrastructure spending vs. 
regulation 
2013 Spain Coded only 
road 
surface 
treatments 
 
Abeysekera, J., Gao, 
C.  
The identification of factors in the systematic evaluation of 
slip prevention on icy surfaces 
2001 Sweden Not coded Not relevant 
Shively, T.S., 
Kockelman, K., Paul, 
D.  
A Bayesian semi-parametric model to estimate relationships 
between crash counts and roadway characteristics 
2010 United States Not coded Risk factor (horizontal and 
vertical alignment) 
Kudrna, J., Vojtešek, 
A., Mališ, L., Nekula, 
L. 
Road skid resistance influence on the number of crash 
accidents 
2003 Czech 
Republic 
Coded  
Morgan, A., 
Mannering. F.L.  
The effects of road-surface conditions, age, and gender on 
driver-injury severities 
2011 United States Not coded Not relevant 
Persaud, B., Eccles, 
K., Amjadi, R.  
Recent U.S. Research on Safety Evaluation of Low-Cost Road 
Engineering Safety Countermeasures – Lessons for Canada 
2010 United States Not coded Not relevant 
Nasreen Ahmed 
Hussein & Rayya A. 
Hassan 
Evaluating safety effectiveness of surface treatment at 
signalised intersections: a before and after study 
2016 Australia Coded  
Leden, L., 
Hamalainen, O., 
Manninen, E.  
The effect of resurfacing on friction, speed and safety on 
main roads in Finland  
1997 Finland Not coded Not relevant 
Mountain, L., Maher, 
M., Fawaz, B. 
The influence of trend on estimates of accidents at junctions  1998 United 
Kingdom 
Not coded Risk factor (road surface 
condition) 
Park, J., Abdel-Aty, 
M., lee, C. 
Exploration and comparison of crash modofocation factors 
for multiple treatments on rural multilane roadways 
2014 United States Coded  
Chun Yip Chan , 
Baoshan Huang , 
Xuedong Yan & 
Stephen Richards 
Relationship Between Highway Pavement Condition, Crash 
Frequency, and Crash Type 
2009 United States Not coded  
Bryan Pidwerbesky, 
Gerard Killick, Jeff 
Waters 
Innovative Surfacing Treatments Delivering Safer Roads 2011 Australia Not coded Not relevant 
Jonas Norrman, Marie 
Eriksson, Sven 
Lindqvist 
Relationships between road slipperiness, traffic accident risk 
and winter road maintenance activity 
2000 Sweden Not coded Risk factor 
P. Cairney and P. 
Bennett 
An Exploratory study of Surface Characteristics and Crash 
Occurrence on Selected Roads in Australia 
2013 Australia Not coded  
 
 
Coded studies (sorted by author) 
 
Albalate, D., Fernandez, L., Yarygina, A. (2013). The road against fatalities: Infrastructure spending 
vs. Regulation. 
 
Høye, A. (2014). Resurfacing of roads. 
 
Høye, A. & Bjørnskau, T. (2013). Winter maintenance. 
 
Kundra, J., Vojtešek, A., Mališ, L., Nekula, L. (2003). Road skid resistance influence on the number of 
crash accidents. 
 
Nasreen Ahmed Hussein & Rayya A. Hassan (2016). Evaluating safety effectiveness of surface 
treatment at signalised intersections: a before and after study. 
 
Park, J., Abdel-Aty, M., lee, C. (2014). Exploration and comparison of crash modification factors for 
multiple treatments on rural multilane roadways. 
 
 
Additional references for further background information (sorted by author) 
 
Chan, C. Y., Huang, B., Yan, X., Richards, S. (2009). Relationship between highway pavement 
condition, crash frequency, and crash type.  
 
Russo, F., Busiello, M., Dell´Asqua, G. (2016). Safety performance functions for crash severity on 
individual rural roads. 
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1 Summary 
 
 
Tim De Ceunynck, Nathalie Focant; Belgian Road Safety Institute (June 2017) 
 
COLOUR CODE 
Green: The vast majority of results show that the installation of road lighting and improvements of 
existing road lighting have favourable effects on the number of occurring crashes.  
 
1.1 ABSTRACT 
 
The aim of the installation of road lighting and improvements in existing road lighting is to increase 
visibility, mostly to help reduce the night-time crash frequency. A meta-analysis is available that 
covers both the installation of road lighting and improvements in existing road lighting (Høye, 2014). 
 
The meta-analysis shows that the installation of road lighting significantly reduces the number of 
fatal crashes in darkness by 52%, and the number of injury and unspecified crashes in darkness by 
26%. Fatal pedestrian crashes in darkness are reduced by 78%, while pedestrian injury crashes in 
darkness are reduced by 51%. The effects of installation of road lighting are generally greater for 
fatal crashes than for less severe crashes, and more favourable for crashes involving pedestrians 
than for crashes involving other types of road user. 
 
The meta-analysis also indicates that improvements to existing road lighting generally has a 
favourable effect on road safety as well. Increasing the lighting to two to five times the previous 
level reduces the number of injury crashes by 13%, and increasing it to five times the previous 
lighting level or more reduces injury crashes by 32%. A reduction in the lighting level to half of the 
previous level was found to significantly increase the number of injury crashes by 17%. Three more 
recent papers on changes to existing road lighting were coded that showed mixed results and could 
therefore not confirm the results of the meta-analysis. 
 
In general, it can be concluded that the vast majority of research available suggests that both 
installation of and improvements to road lighting have a favourable effect on road safety. The effect 
of improving existing road lighting on crashes seems smaller than the effect of installing road 
lighting on previously unlit locations. It also seems that improvements to existing road lighting need 
to be quite strong (more than doubling the previous level of lighting) in order to have a significant 
effect on the number of crashes. Transferability of the results may, however, be somewhat 
uncertain due to the substantial differences in effect size that were found in different studies. Some 
evidence suggests that effects differ between different types of road users and types of locations. 
  
1.2 KEYWORDS  
 
Road lighting; installation of road lighting; improvement of road lighting; switch off lighting; part-
night lighting 
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1.3 BACKGROUND 
1.3.1 Rationale  
 
Most of the information drivers use in traffic is visual. In darkness, the human eye picks up contrast, 
detail and movements to a far lesser extent than in daylight. Visual conditions could therefore 
strongly affect the level of safety of the transport system (Elvik, Høye, Vaa, & Sørensen, 2009). 
Mäkelä and Kärki (2004) estimated that the risk of getting involved in an injury crash is 
approximately  1.5 times as high in darkness as in daylight.  Johansson et al. (2009) found that the 
risk of getting involved in an injury crash in darkness increases by almost 30% in urban areas and 
about 50% in rural areas compared to the risk during daylight. A number of studies indicate an 
increased crash risk during the night for cyclists and pedestrians as well (Lauwers, 2010; Twisk & 
Reurings, 2013; Walter, Cavegn, Allenbach, & Scaramuzza, 2005). 
 
Road lighting is defined as all artificial lighting of roads, streets, intersections and crosswalks 
(pedestrian crossings). The aim of road lighting is to reduce the number of crashes during darkness 
by making it easier to see the road, other road users, potentially hazardous obstacles and the 
immediate surroundings of the road.  
 
1.3.2 Description of the main research methods 
 
The safety effects of installation of and improvements to road lighting have been studied quite 
extensively. A recent meta-analysis (Høye, 2014) was found that covers both the installation of road 
lighting on previously unlit roads and improvements to existing road lighting. Three more recent 
studies are included that examine the effects of changes to existing road lighting; no additional 
more recent studies on new installations of road lighting were found. Two of these studies apply a 
cross-section design, one applies an observational design. Only studies that provide estimates on 
the number of crashes have been included; studies that only looked at non-crash measures (e.g. 
driving speed) were not included. 
 
1.4 OVERVIEW OF RESULTS 
 
Most research towards road lighting suggests that the installation of, as well as substantial 
improvements to, road lighting significantly improve road safety.  
 
A meta-analysis by Høye (2014) indicates that the installation of road lighting significantly reduces 
the number of fatal crashes in the darkness by 52%, and the number of injury and unspecified 
crashes in the darkness by 26%. The number of fatal pedestrian crashes in the darkness reduces by 
78%, while the number of pedestrian injury crashes in the darkness reduces by 51%. In other words, 
the reduction in the number of crashes as a result of the installation of road lighting seems stronger 
for the most severe crash types, and also for crashes involving pedestrians, in comparison with all 
crash types. The author mentions that the results of the individual studies that were included in the 
meta-analysis are very heterogeneous. Therefore, the true size of the effect remains somewhat 
uncertain.  
 
The meta-analysis also indicates that improvements of existing road lighting generally have a 
favourable effect on road safety as well. Higher levels of illumination result in fewer crashes. The 
effect of doubling the lighting level on injury crashes is not statistically significant, but increasing the 
lighting two to five times the previous lighting level reduces the number of injury crashes by 13%. 
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Increasing the lighting level to five times the previous lighting level or more reduces the number of 
injury crashes by 32%, but no significant effect on the number of fatalities was found.  
 
A recent study by Bhagavathula et al. (2015) found favourable effects of road lighting improvements 
on crashes as well, hence confirming the results from the meta-analysis, but Steinbach et al. (2015) 
did not find a significant effect. On the contrary, Nabavi Niaki et al. (2016) found higher numbers of 
pedestrian and cyclist crashes at locations with better road lighting. The authors of the latter study, 
however, acknowledge that they find these results rather unexpected, and that these could possibly 
result from the underlying non-randomness of the decision to add or increase road lighting at 
certain locations.  
 
A reduction of the lighting level to half of the previous level was found to significantly increase the 
number of injury crashes by 17% in the meta analysis by Høye (2014). Reducing road lighting in 
multiple forms (permanently switch off, reduce the number of hours that lamps are switched on at 
night and dimming the output of lamps) was, however, not found to be statistically significant in the 
study by Steinbach et al. (2015). 
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2 Scientific overview 
 
 
2.1 ANALYSIS OF STUDY DESIGN AND METHODS 
 
The number of studies of good quality on the effects of section control and fixed speed cameras is 
relatively high. A recent meta-analysis is available that summarizes the results of a number of 
individual studies on both the installation of road lighting and changes (mostly improvements) to 
road lighting (Høye, 2014). The meta-analysis combines the results of 52 individual studies on the 
installation of road lighting and 27 studies on changes to the road lighting. Three more recent 
papers were found that assess the road safety effects of different levels of road lighting. No more 
recent papers were found that investigate the effects of installation of road lighting.  
 
Out of the three additional studies on differences in the level of road lighting, two papers applied a 
cross-sectional design in which the outcome indicators are related to differences in illuminance at 
different locations (Bhagavathula et al., 2015; Nabavi Niaki et al., 2016), while one paper applies an 
observational study in which the effects of changes to the lighting on crashes are directly observed 
(Steinbach et al., 2015). The two former studies assess the effect of a 1 lx increase in illuminance, 
while the latter study assesses the measures switching off road lighting, switching to part-night 
lighting, dimming the road lighting and upgrading the lighting to whiter light. 
 
The meta-analysis by Høye (2014) looks into injury and fatal crashes of all road users, and of injury 
and fatal crashes involving a pedestrian. The study by Nabavi Niaki et al. (2016) looks at bicycle 
crashes and pedestrian crashes, while the studies by Bhagavathula et al. (2015) and Steinbach et al. 
(2015) look at crashes involving all types of road users. There are major differences in the types of 
locations that were investigated in the included studies, and not all publications report a sufficient 
level of detail about the study sites. There are major differences in sample sizes, ranging from a 
relatively small sample of 99 intersections (Bhagavathula et al., 2015) to a very large sample of tens 
of thousands of km of roadway (Steinbach et al., 2015).  
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Table 1: Information on sample and design of coded studies. 
Author(s), year, 
country  
Measure description 
and sample 
Study design Types of sites included Outcome indicators 
Høye, 2014, 
several countries  
- Effects of installation of 
road lighting from 53 
individual studies;  
- Effects of different 
changes to road 
lighting from 26 
studies 
Meta-analysis, 
some of the 
included 
estimates are 
corrected for 
RTTM 
- For installation of lighting: 
separate estimates for 
pedestrian crossings, two-
way urban road sections and 
intersections on urban roads 
- Few additional details about 
individual sites of included 
studies provided 
- Likely differences between 
studies 
- Number of injury 
crashes  
- Number of fatal 
crashes 
- Number of 
pedestrian injury 
crashes 
- Number of 
pedestrian fatal 
crashes 
Bhagavathula, 
Gibbons, and 
Edwards, 2015, 
United States 
Effects of illuminance 
level at 99 intersections 
Cross-sectional 
study; negative 
binomial 
regression 
Lighted and unlighted 
intersections 
- Day-to-night crash 
ratio 
Nabavi Niaki, Fu, 
Saunier, Miranda-
Moreno, Amador, 
and Bruneau, 
2016, Canada 
Effects of illuminance 
level at 1422 road links  
Cross-sectional 
study ; negative 
binomial 
regression 
Downtown locations (Montréal) - Number of bicycle 
crashes 
- Number of 
pedestrian crashes 
Steinbach, 
Perkins, 
Tompson, 
Johnson, 
Armstrong, 
Green, Grundy, 
Wilkinson, and 
Edwards, United 
Kingdom 
Effects of different 
changes in lighting in 62 
municipalities: 
- Switch off lighting 
(15,833 km) 
- Part-night lighting 
(12,101 km) 
- Dimming (10519 km) 
- White light (946 km) 
Observational 
study; 
conditional 
Poisson models 
Not specified - Number of crashes 
- Number of KSI 
crashes 
 
2.2 OVERVIEW OF STUDY RESULTS 
 
A recent meta-analysis is available that combines the results of multiple scientific studies concerning 
the effects on crashes of installation of road lighting and improvements to road lighting (Høye, 
2014). A review-type analysis has been made that departs from this meta-analysis, supplemented by 
a number of more recent studies on the topics that have been published in peer-reviewed journals. 
The meta-analysis is supplemented with three more recent studies about the safety effects of 
changes to road lighting. No additional more recent studies about the effects of installing road 
lighting were found.  
 
Most research towards road lighting suggests that the installation of, as well as substantial 
improvements to, road lighting significantly improve road safety.  
 
The meta-analysis by Høye (2014) shows that the installation of road lighting significantly reduces 
the number of fatal crashes in the darkness by 52%, and the number of injury and unspecified 
crashes in the darkness by 26%. The number of fatal pedestrian crashes in the darkness reduces by 
78%, while the number of pedestrian injury crashes in the darkness reduces by 51%. In other words, 
the reduction in the number of crashes as a result of the installation of road lighting seems stronger 
for the most severe crash types, and also for crashes involving pedestrians in comparison with all 
crash types. Injury crashes in crosswalks in darkness reduce by 53%. Crashes at intersections in urban 
areas lower by 36%, but no significant effect on urban road sections outside intersections was found. 
The author mentions that the results of the individual studies that were included in the meta-
analysis are very heterogeneous. Therefore, the true size of the effect is somewhat uncertain. The 
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results do not seem to be affected by publication bias. The author also mentions that results suggest 
that road lighting has a greater impact in rural areas than in urban areas, but this is not directly 
apparent from the numerical estimates because results are too heterogeneous. The meta-analysis 
also reports that many of the included studies are quite old, but that no systematic differences in 
results were found between older and newer studies. 
 
The meta-analysis also indicates that improvements of existing road lighting generally have a 
favourable effect on road safety as well. Higher levels of illumination result in fewer crashes. The 
effect of doubling the lighting level on injury crashes is not statistically significant, but increasing the 
lighting level by two to five times the previous lighting level reduces the number of injury crashes by 
13%. Increasing the lighting level to five times the previous lighting level or more reduces the 
number of injury crashes by 32%, but no significant effect on the number of fatalities was found.  
 
A recent study by Bhagavathula et al. (2015) found favourable effects of road lighting improvements 
on crashes as well, hence confirming the results from the meta-analysis, but Steinbach et al. (2015) 
did not find a significant effect. On the contrary, Nabavi Niaki et al. (2016) found higher numbers of 
pedestrian and cyclist crashes at locations with better road lighting. The authors of the latter study, 
however, acknowledge that they find these results rather unexpected, and could possibly result 
from the underlying non-randomness of the decision to add or increase road lighting at certain 
locations.  
 
A reduction of the lighting level to half of the previous level was found to significantly increase the 
number of injury crashes by 17% in the meta analysis by Høye (2014). Reducing road lighting in 
multiple forms (permanently switch off, reduce the number of hours that lamps are switched on at 
night and dimming the output of lamps) was, however, not found to be statistically significant in the 
study by Steinbach et al. (2015). 
 
In general, it can be concluded that the vast majority of research available suggests that the 
installation of road lighting and improvement of existing road lighting have a favourable effect on 
road safety. The effect of improving existing road lighting on crashes seems to be smaller than 
installing road lighting on previously unlit locations. It also seems that improvements to existing 
road lighting need to be quite strong (more than doubling the previous level of lighting) in order to 
have a significant effect on the number of crashes.  
 
2.3 TRANSFERABILITY 
 
The body of available literature towards the safety effects of road lighting is quite large. 
Transferability of the results may, however, be somewhat uncertain due to the substantial 
differences in effect size that were found in different studies. Some evidence suggests that effects 
differ between different types of road users and types of locations, which would imply that the 
expected effects of the installation of road lighting or changes to existing road lighting are likely to 
depend on the types of locations where the measures will be executed and on the traffic 
composition.  
 
A limitation of cross-sectional designs, such as those applied by Bhagavathula et al. (2015) and 
Nabavi Niaki et al. (2016), is that they could be prone to some differences between the treatment 
group and the comparison group that remain unaccounted for. This would imply that the found 
effects (i.e. differences in crash records) are not necessarily caused by the variable that is studied 
(i.e. road lighting treatments), but might be explained by some other systematic differences 
between both groups.   
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Table 2: Summary of study results.  
Authors Dependant / 
outcome type 
Further specification of sites 
or measure 
Best estimate of effect 
[95% CI] 
Impact on 
road safety 
INSTALLATION OF ROAD LIGHTING 
Høye, 2014 (meta-
analysis), several 
countries (53 
studies included) 
Fatal crashes in 
darkness – all road 
users 
/ -52% [-59; -45] ↗ 
Injury crashes in 
darkness –  all road 
users 
/ -26% [-33; -19] ↗ 
Pedestrian crossings -53% [-66; -37]  ↗ 
Two-way urban road sections 
(outside intersections) 
-10% [-41; +36] / 
Intersections on urban roads -36% [-51; -18] ↗ 
Fatal pedestrian 
crashes in darkness 
/ -78% [-88; -62] ↗ 
Injury pedestrian 
crashes in darkness 
/ -51% [-63; -36] ↗ 
CHANGES TO EXISTING ROAD LIGHTING 
Høye, 2014 (meta-
analysis), several 
countries (26 
studies included) 
Injury crashes in 
darkness 
50% reduction in lighting +17% [+9; +25] ↘ 
Increasing lighting to twice the 
previous level 
-8% [-20; +6] / 
Increasing lighting to 2-5 times 
the previous level 
-13% [-17%; -9%] ↗ 
Increasing lighting to more than 
5 times the previous level 
-32% [-39%; -25%] ↗ 
Fatal crashes in 
darkness 
-50% [-79; +15] / 
Bhagavathula, 
Gibbons, and 
Edwards, 2015, 
United States 
Day-to-night crash 
ration (effect of a 1 lx 
increase in 
illuminance) 
All intersections 0.93  ↗ 
Lighted intersections 0.91 ↗ 
Unlighted intersections 0.79 ↗ 
Nabavi Niaki, Fu, 
Saunier, Miranda-
Moreno, Amador, 
and Bruneau, 2016, 
Canada 
Number of bicycle 
crashes in darkness 
/ +0.02 [+0.00 ; +0.03] ↘ 
Number of pedestrian 
crashes in darkness 
/ +0.02 [+0.01 ; +0.03] ↘ 
Steinbach, Perkins, 
Tompson, Johnson, 
Armstrong, Green, 
Grundy, Wilkinson, 
and Edwards, 2015, 
United Kingdom 
Number of crashes in 
darkness (relative risk) 
Switch off lighting (=reduction) 0.97 [0.82; 1.15] / 
Part-night lighting (=reduction) 0.95 [0.84; 1.07] / 
Dimming (=reduction) 1.00 [0.91; 1.10] / 
White light (=improvement) 1.01 [0.93; 1.09] / 
Number of KSI crashes 
(relative risk) 
Switch off lighting (=reduction) 0.96 [0.67; 1.35] / 
Part-night lighting (=reduction) 0.95 [0.71; 1.25] / 
Dimming (=reduction) 1.05 [0.83; 1.33] / 
White light (=improvement) 0.97 [0.80; 1.17] / 
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2.4 CONCLUSION  
 
In general, it can be concluded that the vast majority of research available suggests that both 
installation of and improvements to road lighting have a favourable effect on road safety. 
According to a meta-analysis by Høye (2014), the installation of road lighting significantly reduces 
the number of fatal crashes in darkness by 52%, and the number of injury and unspecified crashes in 
darkness by 26%. The number of fatal pedestrian crashes in the darkness reduces by 78%, while the 
number of pedestrian injury crashes in the darkness reduces by 51%.  
 
The effect of improving existing road lighting on crashes seems somewhat smaller than the effect of 
installing road lighting on previously unlit locations. It also seems that improvements to existing 
road lighting need to be quite strong (more than doubling the previous level of lighting) in order to 
have a significant effect on the number of crashes. Increasing the lighting by two to five times the 
previous level reduces the number of injury crashes by 13%, and increasing it to five times the 
previous lighting level, or more, reduces injury crashes by 32%. Transferability of the results may, 
however, be somewhat uncertain due to substantial differences in effect size that were found across 
different studies. Some evidence suggests that effects differ between different types of road users 
and types of locations. 
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3 Supporting document 
 
 
3.1 METHODOLOGY 
3.1.1 Literature search strategy  
 
Principles 
Excluded: 
• Excluded: 
• Tunnels 
• Impact on health 
• Railway level crossings 
• Workzones, toll stations, roundabout 
• Environmental issues, Energy consumption issues, energy performance 
• Impact on traffic capacity/flow 
• Guidelines, standards 
• Lighting under fog, rain, etc. 
• Working of driving assistance systems in low illumination conditions 
 
Research terms and hits  
Database: ScienceDirect   Date: 6th January 2017 
 
Limitations/ Exclusions: 
• Search field: TITLE-ABS-KEY 
• Published: 1990 to current 
• Document Type: ALL 
 
search no. search terms / operators / combined queries hits 
#1 TITLE-ABSTR-KEYlighting) and TITLE-ABSTR-KEY"road safety"). 115 
#2 TITLE-ABSTR-KEY"road light*"). 44 
 
Database: Scopus Date: 4th January 2017 
 
Limitations/ Exclusions: 
• Search field: Abstract, title, keywords 
• Published: 1990 to current 
• Document Type: ALL 
• Subject Area: ALL 
 
search 
no. 
search terms / operators / combined queries hits 
#1  TITLE  "road light*"  OR  illumin* )  AND  TITLE-ABS-KEY  "road safety"  OR  accident*  OR  
crash* ) )  AND  PUBYEAR  >  1989 
108 
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Database: TRID   Date: 4th January 2017 
 
Limitations/ Exclusions: 
• Published: 1990 to 2017 
• Document source : ALL, Document Type: ALL, Subject area : ALL 
• Language: English and French 
 
search 
no. 
search terms / operators / combined queries hits 
Not 
selected 
lighting and road 2438 
#1 "road lighting" 208 
 
Database: iRAP toolkit, iRAP website and CEDR website Date: 09th January 2017 
No additional relevant studies 
 
Results Literature Search 
 
Database Hits 
ScienceDirect 159 
TRID 208 
Scopus  108 
Total number of studies to screen title 475 
 
 
Screening 
 
Total number of studies to screen title in order to evaluate 
the relevance to the topic) 
475 
Number of articles remaining after screening of the title  
= Total number of studies to screen abstract 
77 
Remaining studies after abstract screening  - 32 selected + 1 review 
- 18 excluded 
- 25 excluded duplicates, outside search field, etc.) 
 
 Impact of lighting on road safety/crashes/behaviour, as main topic of 
the article 
 Among other Visual detection and recognition of objects under low-
illuminance 
Added articles, based on the reference list of different 
papers 
7 
+ meta-analysis from The handbook of Road Safety Measures (Norwegian 
online version, 2014) 
Total number studies to screen full-text : 
41 
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Prioritising Coding 
 
Prioritisation:  
1. Paper’s availability 
2. Most recent meta-analysis available, or individual study more recent than latest meta-analysis 
3. Peer-reviewed journal articles only 
 
Following these prioritisation criteria, the full-text screening of the studies has allowed the selection 
of 4 publications to be coded, including 1 meta-analysis. 
 
Table 3 Final list of coded studies about section control. 
Authors Title Year Country 
Høye, A. Trafikksikkerhetshåndboken, kapittel 1.18: 
Vegbelysning [in Norwegian] 
2014 Multiple countries 
(meta-analysis) 
Bhagavathula, R., Gibbons, R. B., & 
Edwards, C. J. 
Relationship Between Roadway Illuminance 
Level and Nighttime Rural Intersection 
Safety 
2015 United States 
Nabavi Niaki, M. S., Fu, T., Saunier, 
N., Miranda-Moreno, L. F., Amador, 
L., & Bruneau, J.-F. 
Road Lighting Effects on Bicycle and 
Pedestrian Accident Frequency - Case Study 
in Montreal, Quebec, Canada 
2016 Canada 
Steinbach, R., Perkins, C., Tompson, 
L., Johnson, S., Armstrong, B., 
Green, J., Grundy, W., Wilkinson, 
P., & Edwards, P. 
The effect of reduced street lighting on road 
casualties and crime in England and Wales: 
controlled interrupted time series analysis 
2015 United Kingdom 
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3.2 FULL LIST OF CODED STUDIES 
Bhagavathula, R., Gibbons, R. B., & Edwards, C. J. (2015). Relationship Between Roadway 
Illuminance Level and Nighttime Rural Intersection Safety. Transportation Research Record: 
Journal of the Transportation Research Board, 2485, 8–15. 
Høye, A. (2014). Trafikksikkerhetshåndboken, kapittel 1.18: Vegbelysning [in Norwegian] (Vol. 
Handbook of Road Safety Measures-Norwegian (online) version). Oslo, Norway. 
Nabavi Niaki, M. S., Fu, T., Saunier, N., Miranda-Moreno, L. F., Amador, L., & Bruneau, J.-F. (2016). 
Road Lighting Effects on Bicycle and Pedestrian Accident Frequency - Case Study in 
Montreal, Quebec, Canada. Transportation Research Record: Journal of the Transportation 
Research Board, 2555, 86–94. 
Steinbach, R., Perkins, C., Tompson, L., Johnson, S., Armstrong, B., Green, J., … Edwards, P. (2015). 
The effect of reduced street lighting on road casualties and crime in England and Wales: 
controlled interrupted time series analysis. J Epidemiol Community Health. 
 
3.3 EXTRA REFERENCES IN SYNOPSIS 
Elvik, R., Høye, A., Vaa, T., & Sørensen, M. (2009). Handbook of Road Safety Measures (2nd 
Edition). Bingley, UK: Emerald Group Publishing Limited. 
Lauwers, B. (2010). Pedestrian Death Review. Ontario, Canada: Office of the Chief Coroner for 
Ontario. 
Mäkelä, O., & Kärki, J. L. (2004). Tievalaistuksen vaikustus liikenneturvallisuuteen yes ajonopeuksiin 
(No. Tiehallinnon Selvityksiä 18). Helsinki, Finland. 
Twisk, D. A. M., & Reurings, M. (2013). An Epidemiological Study of the Risk of Cycling in the Dark: 
the Role of Visual Perception, Conspicuity and Alcohol Use. Accident Analysis & Prevention, 
60, 134–140. 
Walter, E. M., Cavegn, M., Allenbach, R., & Scaramuzza, G. (2005). Fahrradverkehr–Unfallgeschehen 
Risikofaktoren und Prävention [in German]. Bern, Switzerland: Beratungsstelle für 
Unfallverhütung. 
 
3.4 PAPERS INCLUDED IN META-ANALYSIS BY HØYE (2014) 
3.4.1 Installation of road lighting papers 
Andersen, KB (1977).  Uheldsmønsteret on ordinary 4-tracked Veje.  RFT report 20. Council 
Trafiksikkerhedsforskning (RFT), Copenhagen.  
Austin, BR (1976).  Public lighting the deadly reckoning.  Traffic Engineering and Control, 17, 262-
263.  
Bauer, KM & Harwood, DW (2000).  Statistical models of at-grade intersection Accidents - 
addendum.  Report FHWA-RD-99-094. 
Billion, CE & Parsons, NC (1962).  Median accident study - Long Island, New York.  Highway 
Research Board Bulletin, 308, 64-79.  
Borel, P. (1958).  Accident prevention and public lighting.  Bulletin des Schweitzerisches 
ELEKTROTECHNISCHE Verband, 49, 1, 8-11, 1958 (quoted by Ketvirtis 1977).  
Box, PC (1972a).  Freeway Accidents and Illumination.  Highway Research Record, 416, 10-20.  
Box.  PC (1989).  Major Road Accident Reduction by Illumination.  Transportation Research Record, 
1247, 32-38.  
Brüde, U. & J. Larsson.  (1981).  Vägkorsningar the countryside inom huvudvägnätet.  Olycksanalys.  
VTI report 233. State Swedish National Road och trafikinstitut (VTI), Linköping.  
Brüde, U. & J. Larsson.  (1985).  Korsningsåtgärder vidtagna inom vägförvaltningarnas 
trafiksäkerhetsarbete.  Regressions- och åtgärdseffekter.  VTI report 292. State Swedish 
National Road och trafikinstitut (VTI), Linköping.  
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Christie, AW (1966).  Street Lighting and Road Safety.  Traffic Engineering and Control, 7, 229-231.  
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Relationship to Highway Safety, Revised.  Automotive Safety Foundation, Washington DC.  
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1 SUMMARY  
1.1 Colour code: Green 
The effects of workzone measure implementations relate to road safety level 
improvements, with a large number of literature studies presenting findings indicating 
speed, speed variance and a reduction in lane positioning variance. In areas that are located 
a large distance before the workzone environments, where no active work seems to be 
taking place, workzone signage seems to be counter-effective; namely reducing speed limit 
compliance rates, thus indicating that there are optimal and sub-optimal points for 
workzone measures application. Apart from that, the examined studies have good levels of 
quality, and are overall consistent in their results.  
1.2 Keywords 
workzone signs; signage installation; workzone improvements 
1.3 Abstract 
Workzone measures such as signage installation and improvement are commonly 
implemented to warn drivers of their transition into a more unfamiliar and unpredictable 
environment where construction is taking place. Their presence and effectiveness impacts 
road safety levels, reducing vehicle speeds and improving lane keeping. Five high quality 
studies regarding various workzone measure implementations were coded. On a basis of 
both study and effect numbers, it can be argued that workzone signage creates mostly 
positive impacts on road safety. There were cases, however, that reported opposite results, 
indicating decreases in speed compliance rates, but these were farther from the working 
sites and therefore less reliable. The results seem generally transferable with caution. 
1.4 Background 
1.4.1 Definition of workzone signage measures 
By the term workzone, experts define any road section in which construction or 
maintenance of the road environment takes place. Workzones are in general, an unfamiliar 
road environment for most road users, due to special circumstances (lane closures, traffic 
disruptions, presence of barriers, obstacles, workers etc.). Workzone safety measures 
usually include the installation of warning signs and markings to inform drivers and other 
road users that they are entering a more unpredictable and unusual road environment. As 
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scientific and practical knowledge progresses, workzone signage improvements are also 
being implemented, in order to further increase road safety levels in these environments.  
1.4.2 How do workzone signage measures affect road safety? 
In most countries where motor vehicles are commonplace there are several rules and 
regulations that are applied to workzone environments. As discussed in this document, 
workzone signage has a positive effect in road safety. This is primarily achieved by reducing 
vehicle speeds and increasing speed compliance and lane confinement behaviour. It should 
be noted here, that potentially detrimental factors like workzone length and duration are 
treated as measures and examined in the respective part of the SafetyCube project. 
1.4.3 How is the effect of workzone signage measures on road safety studied? 
Workzone environment conditions are usually applied to specific segment lengths only. 
Consequently, as road crashes are a relatively rare occurrence for these locations and trying 
to compile a database for the limited time a workforce exists on a road site is unfeasible, the 
direct measure of crashes is not useful. With that in mind, most researchers examine 
secondary safety parameters, speed being the most prominent. Speeding, speed variance 
and speed limit compliance rates can all provide a useful picture on the effects of workzone 
signage on road safety, while driver behaviour such as lane keeping parameters can also be 
evaluated.  
1.5 Overview of results 
Overall, the effects of workzone signage measures on road safety tend to be positive. Most 
of the examined studies show consistent speeding reductions. One study showed mixed 
reports on the effects of speed limit compliance rates, but it should be noted that the 
negative results were reported from sites away from the active workzones. It could be 
postulated that drivers felt that the signage was not representative of what they were 
experiencing on the road. Furthermore, the lane distribution parameter was reported as 
improved in the only study examined.  
1.5.1 Transferability 
Coded studies are primarily from the United States, with one study being from Japan. While 
this is a modest sample of developed countries, especially due to US diversity, there is still 
room for representation of other areas of the globe, and a respective gap of knowledge, 
especially concerning less motorized regions. All studies examined their respective sections 
uniformly, examining all road users, while the aforementioned lack of crash analyses further 
reduces the room for variance (for example there is no possibility of examining different 
crash types).  
1.5.2 Notes on analysis methods 
The methodology applied for capturing the impact of workzone signage measures was 
similar in all studies: Either examining before-after measure approaches or cross-sectional 
approaches where measures are applied in specific sites and then findings are compared 
with those of unchanged sites. Several measure types were examined: varying sign types 
and layout as well as road markings such as rumble strips and lane drop arrows. Some 
results did not reach statistical significance but are still very informative on the effects of the 
examined measures. Lastly, there is considerable room for investigating different road user 
categories and/or other geographical regions. All aforementioned factors make the findings 
for workzone signage installation and improvement transferable with caution. 
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2 SCIENTIFIC OVERVIEW 
2.1 Analysis of study designs and methods  
After appropriate use of various search tools and databases, five high quality studies were 
selected and coded for the measures of workzone sign installation and improvement. A 
noteworthy fact is that all studies investigated vehicle speeds in one form or another: Bai et 
al. (2010), Bernhardt et al. (2001) and Takemoto et al. (2008) investigated changes of mean 
vehicle speeds, while Brewer et al. (2006) compared speed limit compliance rates and Chu 
et al. (2005) compared speed variances and standard deviations before and after measure 
applications. Furthermore, Bernhardt et al. (2001) also explored the parameter of lane 
distribution. It should be noted that this study examines the effect of rumble strips as well 
as signage, which is included for completion, since a unified synopsis is compiled for all 
workzone measures. 
In order to examine the relationship between the various configurations of workzone 
signage measures (either installation or replacement), the studies either deployed 
multivariate parameter significance testing (for example Student's t-test and F-test or 
analysis of variance - ANOVA) or at least conducted basic descriptive statistical analysis. 
2.2 Literature review 
Regarding the results, most studies reported speed reductions after workzone signage 
installation or improvement (Bai et al. 2010, Bernhardt et al., 2001, Chu et al., 2005, and 
Takemoto et al., 2008). It should be mentioned that for the results of Takemoto et al. (2008) 
and some of Bai et al. (2010) no statistical significance testing was conducted or presented, 
and thus the findings are interpreted with caution. The remaining study (Brewer et al., 
2006) offers mixed results, but there are reasons that can be posed for these unclear 
conclusions, including interpretation of the results by the authors: Firstly, the outcome 
parameter is speed limit compliance rate, which is a very indirect road safety indicator; 
roads are known to be designed with lower speeds than the upper safe speed limit (V85). 
Secondly, results include locations quite farther upstream of the workzone, where the 
drivers did not perceive any direct changes of the road environment. Lastly, several effects 
concern removal of signage to determine if there would be rebounding effects (the 
equivalent of "stable equilibriums"). 
Bernhardt et al. (2001) reported improvements regarding lane distribution as well. The lane 
distribution parameter is considered to be improved if fewer vehicles remain in the lane 
closed downstream in the after case than in the before case.  
Overall it would be safe to assume that workzone signage installation or signage 
improvement has positive impacts on road safety. This result is intuitive considering the 
nature of the measure and the particular alertness that workzones induce on drivers, 
stemming from the change of the more predictable road environment to a less well known 
and potentially more dangerous one. 
2.2.1 Limitations 
A few limitations can be arguably found in the current literature for the effects of workzone 
signage on road safety. Firstly, all studies focus on indirect indicator parameters for road 
safety; mostly various forms of vehicle speed. This is understandable due to the fact that 
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road crashes are a relatively rare occurrence for specific locations, and trying to compile a 
database examining the limited amount of time a workzone exists on a road site is 
unfeasible. Both Bernhardt et al. (2001) and Chu et al. (2005) explicitly mentioned this, and 
the first study conducted an abstract theoretical evaluation. Generally, the limitation of 
attempting to estimate road safety levels from parameters that are not crashes or 
casualties remains, however. This limitation is also present in the fact that only a single 
study examining behavioural variables was located (lane distribution in particular), which 
consists of quite a small sample to draw solid conclusions from, hinting perhaps a gap of 
knowledge in road safety. 
Secondly, all identified and included studies originated from the United States. While the 
US is a developed country and advanced in road safety issues, this sample cannot be said to 
be representative of the workzone measure impacts worldwide. 
An overview of the main features of the coded studies (sample, method, outcome and 
results) is illustrated on Table 1. 
Number 
Author(s); 
Year; 
Country; 
Sampling frame for 
workzone measures 
studies 
Method for 
workzone 
measures impact 
investigation 
Outcome 
indicator 
Main Result 
1 
Bai, Y., 
Finger, K., 
& Li, Y.; 
2010; USA 
Field experiments were 
conducted on two two-
lane work zones with 
flagger control for 4 days, 
with 876 vehicles as a total 
sample. 
Absolute 
proportion 
comparisons for 
several quantities 
Mean speed 
[Absolute 
proportion]  
A visible portable changeable 
message sign was effective in 
reducing truck speeds in rural, 
two-lane work zones. The 
temporary traffic sign (W20-1) 
was more effective in reducing 
the vehicle speeds of passenger 
cars and semitrailers. 
2 
Bernhardt, 
K., Virkler, 
M., & 
Shaik, N.; 
2001, USA 
The research site was an 
Interstate freeway (I-70) 
passing through Columbia, 
Missouri. Instruments for 
data collection were 
installed at four locations 
along the approach to the 
work zone, and data were 
collected in 15-min 
intervals before and after 
the measures 
Significance 
testing used a 
two-tailed 
Student’s t-test 
with a level of 
significance α = 
0.05. An F-test 
was also 
conducted (again 
α = 0.05) to find 
significant 
differences in the 
speed variance. 
Lane 
distribution, 
Mean speed 
and speed 
variance 
characteristics  
[Absolute and 
Relative 
difference] 
Removable lane-drop arrows 
may encourage earlier merging 
for a work zone. The arrows and 
CB message result in changes in 
mean speed and rumble strips in 
conjunction with the CB 
message are associated with 
improvements in mean speed 
than the CB message alone. 
Compliance with speed limits 
increased, and the magnitude of 
all effects increased closer to 
the work-zone taper.  
3 
Brewer, 
M., Pesti, 
G., & 
Schneider 
IV, W.; 
2006; USA 
Researchers field-tested 
the devices at two study 
sites in Texas: Site 1 was 
on a rural Interstate 
highway, and Site 2 was on 
a U.S. highway within the 
city limits of a small town. 
A multifactor 
analysis of 
variance 
(ANOVA) for 
several effects 
Speed Limit 
Compliance 
Rates 
Comparison 
[Relative 
difference] 
Devices with the ability to 
display drivers’ speeds seem to 
reduce speeds and improve 
compliance. Orange borders 
improve the visibility of speed 
limit signs, but their effects on 
compliance were minimal. 
Other sign interaction effects 
were also observed. 
4 
Chu, L., 
Kim, H. K., 
Chung, Y., 
& Recker, 
W.; 2005; 
USA 
This is a study on the 
effectiveness of an 
automated work zone 
information system, which 
was deployed in the work 
zone site located in the 
city of Santa Clarita, north 
of Los Angeles, on freeway 
I-5. 
F and Z-tests 
were conducted 
to statistically 
compare speed 
variances of two 
populations for 
the before-and-
after scenarios. 
Sample 
variance of 
speeds 
[Absolute 
difference] 
The results showed that from 
the study of the effects of traffic 
speed variance, the driving 
environment after the use of 
CHIPS appeared safer. 
5 
Takemoto, 
A., 
Hirasawa, 
M., & 
An experiment was carried 
out, in which 28 subjects 
were asked to drive at 50 
km/h on a 250-m test track 
Descriptive 
statistics - no 
statistical 
analysis 
Speed 
reduction  
[Absolute 
difference] 
The experiment results for the 
effect of sign information type 
on driving behaviour show that 
there is a considerable 
5 
 
Asano, M.; 
2008; 
Japan 
from the starting point to 
the end of the construction 
zone; a data recorder and a 
video camera recorded 
driver data.  
conducted reduction in average speeds 
based on sign display. 
 
Table 1: Description of coded studies 
2.3 Results for workzone measures  
2.3.1 Introduction 
The effects of workzone signage installation and improvement identified can be 
summarized as follows: 
• 3 studies with a significant decrease on vehicle speeds  
• 1 study with an unverified decrease on vehicle speeds 
• 1 study with mixed results on speed limit compliance rates  
 
The quantitative results of the coded studies alongside with their general effects on road 
safety are presented on Table 2 in the supporting document. 
After the results were reviewed together, the following points were observed: 
a) There is an adequate number of studies, however; 
b) Studies have not used the same methods for analysis but somewhat different ones. 
c) There are similar indicators but at times expressed differently 
d) The sampling frames were quite different, and there was lack of statistical verification in 
critical studies  
2.4 Description of analysis carried out 
2.4.1 Review-count type analysis 
After considering the previous points, it was decided that a meta-analysis could not be 
carried out in order to find the overall estimate of workzone measures on road safety levels. 
Therefore, the review type analysis was selected - the effect of the workzone signage 
measures is given via qualitative analysis.  
The positive effects of speed reduction appear to apply on several vehicle types (passenger 
cars, trucks and semi-trailers) and for several locations, and also both on urban and rural 
study sites. It is also important to note that some studies examined workzone signage in 
several sites which provides insight into the optimal points and manner of placing signage; 
some points even seem to be not just subpar but detrimental to road safety. Those points, 
however, tend to be farther from the workzone, so it could be assumed that drivers felt a 
sense of invalidity for the signs, thus ignoring them. Furthermore, several speed levels were 
tested and found to be reduced by signage measures, which hints towards their 
effectiveness in a variety of environments. 
2.4.2 Overall estimate for road safety 
On a basis of both study and effect numbers, it can be argued that workzone signage 
measures have a positive effect on road safety. However, there are cases when its impact is 
inconclusive, or even some isolated negative effects, but these are a minority and occur due 
to unexpected circumstances. As mentioned before, these particular studies have good 
levels of quality, and are overall consistent in their results. In short, results consistently 
6 
 
show that the measure reduces road safety risk. This leads to the assignment of the green 
colour code for the workzone measures. 
CONCLUSION 
The qualitative review-type analysis carried out showed that workzone signage installation 
and improvement have a positive impact on road safety. There is evidence to support that 
there are improper points (mainly sites way upstream or without intrusion denoting active 
work) but these are not directly relevant to workzones, and the overall benefits of these 
measures are not negated and should thus be considered accordingly. 
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3 SUPPORTING DOCUMENT 
 
3.1 Supporting quantitative table 
Below follows Table 2, which includes all quantitative effects from the coded studies for the 
measures of work safety signage installation and improvement.  
Number 
Author(s); 
Year; 
Country 
Measure Exposure  
Outcome 
indicator 
Quantitative Estimate 
Effect on 
road 
safety 
1 
Bai, Y., 
Finger, K., 
& Li, Y.; 
2010; USA 
Portable Changeable 
Message Sign (PCMS) 
present but off 
Mean speed 
reduction 
[Percent 
change] 
Passenger cars: Mean speed change = -3.90% ↑* 
Portable Changeable 
Message Sign on 
Passenger cars: Mean speed change = -6.70% ↑* 
Temporary traffic sign 
(TTS) W20-1,  
‘‘Road Work Ahead” 
Passenger cars: Mean speed change = -10.30% ↑* 
Portable Changeable 
Message Sign present 
but off 
Trucks: Mean speed change = -6.20% ↑* 
Portable Changeable 
Message Sign on 
Trucks: Mean speed change = -8.30% ↑* 
Temporary traffic sign 
W20-1,  
‘‘Road Work Ahead” 
Trucks: Mean speed change = -5.80% ↑* 
Portable Changeable 
Message Sign present 
but off 
Semi-trailer: Mean speed change = -4.80% ↑* 
Portable Changeable 
Message Sign on 
Semi-trailer: Mean speed change = -5.20% ↑* 
Temporary traffic sign 
W20-1,  
‘‘Road Work Ahead” 
Semi-trailer: Mean speed change = -10.20% ↑* 
PCSMS on vs. PCMS 
off 
Mean speed 
reduction  
[Relative 
difference] 
Passenger cars: Relative Difference = -1.5860 km/h,  
s.e. = 0.6360, p=0.9870, CI [95%] = [-2.8390, -0.3380] ↑ 
TTS vs. PCMS off 
Passenger cars: Relative Difference = -2.8250 km/h,  
s.e. = 0.7690, p=1.000, CI [95%] = [-4.3360, -1.3130] ↑ 
TTS vs. PCMS on 
Passenger cars: Relative Difference = -1.2360 km/h,  
s.e. = 0.8130, p=0.8710, CI [95%] = [-2.8360, 0.3630] - 
PCSMS on vs. PCMS 
off 
Trucks: Relative Difference = -1.0430 km/h,  
s.e. = 0.6420, p=0.8950, CI [95%] = [-2.3050, -0.2190] - 
TTS vs. PCMS off 
Trucks: Relative Difference = 0.8860 km/h,  
s.e. = 0.9100, p=0.6690, CI [95%] = [-0.9040, 2.6750] - 
TTS vs. PCMS on 
Trucks: Relative Difference = 1.9280 km/h,  
s.e. = 0.9240, p=0.9620, CI [95%] = [0.1120, 3.7450] ↑ 
2 
Bernhardt, 
K., Virkler, 
M., & 
Shaik, N.; 
2001, USA 
Lane drop arrows  
Lane 
Distribution 
[Relative 
difference] 
Sites 1-2 vs sites 3 and 4; all times;  
Rel. dif. = -0.20% (min), -5.00% (max), p < 0.050 ↑ 
Mean Speed 
Characteristics 
[Absolute 
difference] 
Sites 1-2 vs sites 3 and 4; daytime;  
Abs. dif. = -27.40 km/h, p < 0.050 ↑ 
Sites 1-2 vs sites 3 and 4; nighttime;  
Abs. dif. = -1.60 km/h (min), -4.80 km/h (max), p < 
0.050 
↑ 
Speed 
Variance 
Characteristics  
(St. Dev.)  
[Absolute 
difference] 
Site 4 only; daytime;  
Abs. dif. = -11.30 [km/h], p < 0.050 ↑ 
Sites 1-2 only; nighttime;  
Abs. dif. = -16.09 [km/h], p < 0.050 ↑ 
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Number 
Author(s); 
Year; 
Country 
Measure Exposure  
Outcome 
indicator 
Quantitative Estimate 
Effect on 
road 
safety 
Citizens band (CB) 
wizard  
alert system 
Lane 
Distribution 
[Relative 
difference] 
Sites 1-2 vs site 3; daytime;  
Rel. dif. = -1.20% (min), -13.00% (max), p < 0.050 ↑ 
Site 1 only; daytime;  
Rel. dif. = -15.00% (max), p < 0.050 ↑ 
Site 1 only; nighttime;  
Rel. dif. = -60.00% (min), p < 0.050 ↑ 
Mean Speed 
Characteristics 
[Absolute 
difference] 
Site 2 vs site 3; daytime;  
Abs. dif. = -1.10 km/h (min), -4.80 km/h (max), p < 
0.050 
↑ 
Sites 1-2 vs sites 3 and 4; nighttime;  
Abs. dif. = -1.60 km/h (min), -4.80 km/h (max), p < 
0.050 
↑ 
Site 2 vs site 3; nighttime;  
Abs. dif. = -2.40 km/h (min), p < 0.050 ↑ 
Sites 1-2 vs site 3; nighttime;  
Abs. dif. = -5.60 km/h (max), p < 0.050 ↑ 
Speed 
Variance 
Characteristics  
(St. Dev.)  
[Absolute 
difference] 
Site 4 only; daytime;  
Abs. dif. = -11.30 [km/h], p < 0.050 ↑ 
Site 1-2 only; nighttime;  
Abs. dif. = -16.09 [km/h], p < 0.050 ↑ 
Rumble strips 
Lane 
Distribution 
[Relative 
difference] 
Site 4 only; daytime;  
Rel. dif. = -5.00% (min), -20.00% (max), p < 0.050 ↑ 
Site 2 only; daytime;  
Rel. dif. = -5.00% (min), p < 0.050 ↑ 
Site 2 only; nighttime;  
Rel. dif. = -1.50% (min), p < 0.050 ↑ 
Mean Speed 
Characteristics 
[Absolute 
difference] 
Sites 1-2 vs sites 3-4; daytime;  
Abs. dif. = -3.20 km/h (min), -32.00 km/h (max), p < 
0.050 
↑ 
Site 4 only; nighttime;  
Abs. dif. = -8.00 km/h (min), -16.00 km/h (max), p < 
0.050 
↑ 
3 
Brewer, 
M., Pesti, 
G., & 
Schneider 
IV, W.; 
2006; USA 
Portable changeable 
message sign (PCSM) 
installation at merge 
taper point 
Speed Limit 
Compliance 
Rates 
Comparison  
(Site 1)  
[Percent 
change] 
Speed limit: 70 km/h, Location 1: Approximately 1 mi 
upstream of work zone.  
Speed Limit Compliance Rates = -25.00%, p < 0.05 
↓ 
Speed limit: 60 km/h, Location 2: First advance 
warning sign.  
Speed Limit Compliance Rates = 0.00%, p = N/A 
- 
Speed limit: 60 km/h, Location 3: Completion of 
merge taper from two westbound lanes to one.  
Speed Limit Compliance Rates = -11.00%, p < 0.05 
↓ 
Speed limit: 60 km/h, Location 4: Approximate 
midpoint of work zone 
Speed Limit Compliance Rates = 10.00%, p < 0.05 
↑ 
Speed limit: 60 km/h, Location 5: Beginning of 
diverge taper from one lane to two 
Speed Limit Compliance Rates = -5.00%, p < 0.05 
↓ 
Speed limit: 60 km/h, Location 6: Approximately 1 mi 
downstream of work zone 
Speed Limit Compliance Rates = 2.00%, p < 0.05 
↑ 
PCMS removal from 
merge taper point   
Speed limit: 70 km/h, Location 1: Approximately 1 mi 
upstream of work zone.  
Speed Limit Compliance Rates = -26.00%, p < 0.05 
↓ 
Speed limit: 60 km/h, Location 2: First advance 
warning sign.  
Speed Limit Compliance Rates = -1.00%, p = N/A 
- 
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Number 
Author(s); 
Year; 
Country 
Measure Exposure  
Outcome 
indicator 
Quantitative Estimate 
Effect on 
road 
safety 
Speed limit: 60 km/h, Location 3: Completion of 
merge taper from two westbound lanes to one.  
Speed Limit Compliance Rates = -3.00%, p < 0.05 
↓ 
Speed limit: 60 km/h, Location 4: Approximate 
midpoint of work zone 
Speed Limit Compliance Rates = 6.00%, p < 0.05 
↑ 
Speed limit: 60 km/h, Location 5: Beginning of 
diverge taper from one lane to two 
Speed Limit Compliance Rates = -8.00%, p < 0.05 
↓ 
Speed limit: 60 km/h, Location 6: Approximately 1 mi 
downstream of work zone 
Speed Limit Compliance Rates = 1.00%, p = N/A 
- 
PCMS installation at 
merge taper point and 
at near the midpoint 
of the work zone. 
Speed limit: 70 km/h, Location 1: Approximately 1 mi 
upstream of work zone.  
Speed Limit Compliance Rates = -21.00%, p < 0.05 
↓ 
Speed limit: 60 km/h, Location 2: First advance 
warning sign.  
Speed Limit Compliance Rates = -2.00%, p < 0.05 
↓ 
Speed limit: 60 km/h, Location 3: Completion of 
merge taper from two westbound lanes to one.  
Speed Limit Compliance Rates = 10.00%, p < 0.05 
↑ 
Speed limit: 60 km/h, Location 4: Approximate 
midpoint of work zone 
Speed Limit Compliance Rates = 27.00%, p < 0.05 
↑ 
Speed limit: 60 km/h, Location 5: Beginning of 
diverge taper from one lane to two 
Speed Limit Compliance Rates = -7.00%, p < 0.05 
↓ 
Speed limit: 60 km/h, Location 6: Approximately 1 mi 
downstream of work zone 
Speed Limit Compliance Rates = 2.00%, p < 0.05 
- 
PCMR removal, 
Orange-border speed 
limit sign (OBSLS) 
installation upstream 
of merge taper and 
near the midpoint of 
the work zone 
Speed limit: 70 km/h, Location 1: Approximately 1 mi 
upstream of work zone.  
Speed Limit Compliance Rates = -25.00%, p < 0.05 
↓ 
Speed limit: 60 km/h, Location 2: First advance 
warning sign.  
Speed Limit Compliance Rates = 0.00%, p = N/A 
- 
Speed limit: 60 km/h, Location 3: Completion of 
merge taper from two westbound lanes to one.  
Speed Limit Compliance Rates = 2.00%, p < 0.05 
↑ 
Speed limit: 60 km/h, Location 4: Approximate 
midpoint of work zone 
Speed Limit Compliance Rates = -3.00%, p < 0.05 
↓ 
Speed limit: 60 km/h, Location 5: Beginning of 
diverge taper from one lane to two 
Speed Limit Compliance Rates = -24.00%, p < 0.05 
↓ 
Speed limit: 60 km/h, Location 6: Approximately 1 mi 
downstream of work zone 
Speed Limit Compliance Rates = 1.00%, p = N/A 
- 
Speed display trailers 
(SDTs) installation at 
the beginning of the 
work zone 
Speed Limit 
Compliance 
Rates 
Comparison  
(Site 2)  
[Percent 
change] 
Speed limit: 70 km/h, Location 1: Approximately 1 mi 
upstream of work zone.  
Speed Limit Compliance Rates = -5.00%, p < 0.05 
↓ 
Speed limit: 55 km/h, Location 2: Beginning of work 
zone and reduced speed limit. 
Speed Limit Compliance Rates = 23.00%, p < 0.05 
↑ 
Speed limit: 55 km/h, Location 3: Approximate 
midpoint of work zone.  
Speed Limit Compliance Rates = 4.00%, p < 0.05 
↑ 
10 
 
Number 
Author(s); 
Year; 
Country 
Measure Exposure  
Outcome 
indicator 
Quantitative Estimate 
Effect on 
road 
safety 
Speed limit: 55 km/h, Location 4: Approximately 0.5 
mi upstream of end of work zone. 
Speed Limit Compliance Rates = -8.00%, p < 0.05 
↓ 
Speed limit: 55 km/h, Location 5: Approximately 1 mi 
downstream of work zone. 
Speed Limit Compliance Rates = -5.00%, p < 0.05 
↓ 
SDTs removal from 
the beginning of the 
work zone 
Speed limit: 70 km/h, Location 1: Approximately 1 mi 
upstream of work zone.  
Speed Limit Compliance Rates = -5.00%, p < 0.05 
↓ 
Speed limit: 55 km/h, Location 2: Beginning of work 
zone and reduced speed limit. 
Speed Limit Compliance Rates = -15.00%, p < 0.05 
↓ 
Speed limit: 55 km/h, Location 3: Approximate 
midpoint of work zone.  
Speed Limit Compliance Rates = -3.00%, p < 0.05 
↓ 
Speed limit: 55 km/h, Location 4: Approximately 0.5 
mi upstream of end of work zone. 
Speed Limit Compliance Rates = -11.00%, p < 0.05 
↓ 
Speed limit: 55 km/h, Location 5: Approximately 1 mi 
downstream of work zone. 
Speed Limit Compliance Rates = -4.00%, p < 0.05 
↓ 
OBSLS installation at 
the beginning of the 
work zone 
Speed limit: 70 km/h, Location 1: Approximately 1 mi 
upstream of work zone.  
Speed Limit Compliance Rates = -10.00%, p < 0.05 
↓ 
Speed limit: 55 km/h, Location 2: Beginning of work 
zone and reduced speed limit. 
Speed Limit Compliance Rates = 1.00%, p = N/A 
- 
Speed limit: 55 km/h, Location 3: Approximate 
midpoint of work zone.  
Speed Limit Compliance Rates = N/A, p = N/A 
- 
Speed limit: 55 km/h, Location 4: Approximately 0.5 
mi upstream of end of work zone. 
Speed Limit Compliance Rates = -3.00%, p < 0.05 
↓ 
Speed limit: 55 km/h, Location 5: Approximately 1 mi 
downstream of work zone. 
Speed Limit Compliance Rates = 3.00%, p < 0.05 
↑ 
4 
Chu, L., 
Kim, H. K., 
Chung, Y., 
& Recker, 
W.; 2005; 
USA 
Computerized 
highway information 
processing system 
implementation.  
Speed 
parameter 
difference 
[Abs.Dif.] 
Location 1: Speed variance: Abs. Dif. = 29.80 
[km/h]^2, St. dev. difference = 1.80 km/h, p < 0.05 ↑ 
Location 2: Speed variance: Abs. Dif. = 18.90 
[km/h]^2, St. dev. difference = 2.00 km/h, p < 0.05 ↑ 
5 
Takemoto, 
A., 
Hirasawa, 
M., & 
Asano, M.; 
2008; 
Japan 
Three different types 
of sign displays: 
"LANE ENDS" 
"LANE ENDS" + 
pictograph  
"MERGE 100 M 
AHEAD" + pictograph 
Speed 
reduction  
[Absolute 
difference] 
"LANE ENDS":  
Speed reduction = 4.60 km/h ↑* 
"LANE ENDS" + pictograph:  
Speed reduction = 7.70 km/h ↑* 
"MERGE 100 M AHEAD" + pictograph:  
Speed reduction = 3.60 km/h ↑* 
↑ denotes positive road safety effects - denotes unclear or marginal road safety effects 
↓ denotes negative road safety effects * denotes that no statistical analysis was conducted for the significance of the effects  
 
Table 2: Quantitative results of coded studies and impacts on road safety. 
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3.2 Literature search  
3.2.1 Introduction 
In this chapter the literature search that was carried out will be presented for the measures 
of workzone signage installation and improvement that were examined in this synopsis. 
The search results are summarized in relevant tables. 
3.3 Identifying relevant studies for workzone signage installation and improvement 
Measure: workzone signage installation and improvement 
Database: Scopus   Date: 20th of December 2016 
search no. search terms / operators / combined queries hits 
#1 "workzone" OR "construction zone"  AND "sign*" 6 
#2 AND "install*" OR "improv*" 1 
 
All years 8 
 
Database: TRID (trid.trb.org) Date: 20th of December 2016 
search no. search terms / operators / combined queries hits 
#1 Workzone OR construction zone sign install* OR improv* 3 
 
All years 4 
 
Database: Science Direct   Date: 20th of December 2016 
search no. search terms / operators / combined queries hits 
#1 "workzone" OR "construction zone" AND "sign*" AND "install*" OR "improv*" 135 
#2 AND (“effect” OR “measure”) 127 
 
Limitations/ Exclusions: 
• Search field: TITLE-ABS-KEY 
• Published: 1990 to current 
• Document Type: “Review” and “Article” 
• Language: “English” 
• Source Type: “Journal“ 
• Only Transport Journals were considered 
• Subject Area: “Engineering” 
 
Results of Literature Search 
 
Database Hits 
Scopus (remaining papers after several limitations/exclusions) 8 
TRID 4 
Science Direct 127 
Total number of studies to screen title/ abstract 139 
 
3.4 Screening  
Total number of studies to screen title/ abstract 139 
-De-duplication 0 
-exclusion criteria A (not related to the topic/not relevant measure) 121 
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-exclusion criteria B (part of meta-analysis) 0 
Remaining studies 18 
Not clear (full-text is needed) 18 
Studies to obtain full-texts 18 
3.5 Eligibility  
Total number of studies to screen full-text 18 
Full-text could be obtained 8 
Reference list examined Y/N Yes (+0 papers) 
Eligible papers prioritized  5 
 
3.6 Prioritizing coding  
- Prioritizing Step A (crashes over other performance indicators)  
- Prioritizing Step B (Journals over conferences and reports) 
- Prioritizing Step C (journal quality) 
- Prioritizing Step D (more recent studies) 
No meta-analyses were found.  
 
3.7 List of coded studies for workzone signage installation and improvement 
 
1. Bai, Y., Finger, K., & Li, Y. (2010). Analyzing motorists’ responses to temporary signage in 
highway work zones. Safety science, 48(2), 215-221. 
2. Bernhardt, K., Virkler, M., & Shaik, N. (2001). Evaluation of supplementary traffic 
control measures for freeway work-zone approaches. Transportation Research Record: 
Journal of the Transportation Research Board, (1745), 10-19. 
3. Brewer, M., Pesti, G., & Schneider IV, W. (2006). Improving compliance with work zone 
speed limits effectiveness of selected devices. Transportation Research Record: Journal 
of the Transportation Research Board, (1948), 67-76. 
4. Chu, L., Kim, H. K., Chung, Y., & Recker, W. (2005). Evaluation of effectiveness of 
automated work zone information systems. Transportation Research Record: Journal of 
the Transportation Research Board, (1911), 73-81. 
5. Takemoto, A., Hirasawa, M., & Asano, M. (2008). Improving the nighttime visibility of 
signs and workers in road work zones in Japan. In Proceedings of the 87th TRB Annual 
Meeting. Transportation Research Board, Washington, DC, January (pp. 13-17). 
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1  Summary 
 
 
B. Loenis, G. Schermers, J.W.H. van Petegem (SWOV, sept 2016)  
 
1.1 COLOUR CODE: RED 
 
Research shows that varying the number of lanes can contribute to the number of crashes. 
Depending on the included covariates and methods used, the effect of an increasing number of 
lanes can be either positive or negative. The effectiveness of number of lanes in reducing crashes 
depends upon its interaction with other characteristics of the roadway, specifically, lane width and 
shoulder width. 
 
1.2 KEYWORDS 
 
Crashes, number of lanes 
 
1.3 ABSTRACT 
 
Most of the studies show that an increased number of lanes is related to an increase in crashes. This 
might be partly attributed to an increase in lane changing and overtaking manouevres and speed 
differences between vehicles. Another relationship is that a higher number of traffic lanes relates to 
a higher traffic demand. This means that the relationship between number of lanes and crashes is 
not causal. The effect of the number of lanes on crashes always concerns the number of crashes or 
total crash reduction, for which often a distinction has been made in crash severities. A distinction 
between crash types is rarely found. One study indicates a decreasing number of crashes for an 
increase of lanes, while the remaining studies indicate the opposite. The difference is caused by the 
interaction with other variables, like annual average daily traffic (AADT), speed limits, lane width, 
road type and the percentage of heavy good vehicles (HGV). Most of the studies involve Crash 
Prediction Models (CPMs). 
 
1.4 BACKGROUND 
 
1.4.1 How does the number of lanes affect road safety? 
 
The general consensus on the risk factor for number of lanes is that an increasing number of lanes is 
associated with more crashes. One of the hypotheses is that an increase the number of lanes implies 
an increase in the interaction between drivers, due to an increase in overtaking manouevres and lane 
changing manouevres. Moreover, drivers may have more opportunities to manouevre around slower 
traffic as the number of lanes increases. This may create high speed differential between lanes, 
resulting in more side-swipe and rear-end crashes. The number of potential lane-change related 
conflicts on a road with two lanes is 2. This number will increase up to 7 and 16 for roads with three 
and four lanes (Kononov et al. 2008). 
 
However, the increase in the number of lanes cannot be disassociated from increases in traffic 
volume. The number of lanes is determined by the traffic demand. Therefore a higher number of 
lanes is related to a higher traffic demand. And as a higher traffic demand relates to more crashes, a 
higher number of lanes will also relate to more crashes. One of the studies included mountainous 
roads which are exposed to adverse weather and showed that more lanes lead to less crashes. The 
increase of safety due to the increase in number of lanes is plausible since the specific freeway has a 
high percentage of trucks which could be confined to the two right lanes providing more space for 
other vehicles and contributing to easier manouevres and less speed variance. 
 
The outcome of the study depends on the road and traffic characteristics of the analysed road(s) 
which may be different for each study. 
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1.4.2 Which safety outcomes are affected by the number of lanes? 
 
The effect of the number of lanes on road safety has frequently been studied in terms of crash 
frequency (number of crashes). In most studies a distinction has been made in terms of crash 
severities, namely total, fatal, serious injuries and accidents. Studies seldom mention crash types 
and/or the types of traffic involved. Generally, it is clear that it concerns motorised vehicles and not 
pedestrians, cyclists or other slower traffic modes. 
 
1.4.3 How is the effect of number of lanes on crashes studied? 
 
The majority of international literature estimates the effect of the number of lanes on crashes by 
developing Crash Prediction Models (CPMs) through the application of generalised non-linear 
regression models. The majority of studies identified the relationship between the number of 
crashes (dependent variable) and any number of road design and other features independent or 
predictor variables) and often takes the form of a Negative Binomial, Poisson or Full Bayesian 
model. 
 
This synopsis focuses on studies conducted between 2011 and 2014 from the USA (2x), Spain, UK 
and New Zealand. 
 
1.5 OVERVIEW RESULTS 
 
A total of 22 studies were selected as candidate studies for coding. Of these only 5 were found to be 
suitable and provided sufficient methodological detail allowing the effects to be coded. The results 
of the selected studies are similar although the direction of the effect is varied with three studies 
showing increases in crashes and two decreases. The reasons for these differences lie in the 
differences in the methodological approaches followed and the fact that the multiple regression 
models comprise different sets of dependent and independent variables. Furthermore, the effects 
were calculated for different (sub) sets of crash data including differences in environmental 
surroundings (rural, urban), traffic composition (proportion of HGV), geometrical aspects (curvature, 
slopes and lane width) and legislation (speed limits). Meta-analysis of these results was therefore 
not sensible nor advised (Elvik et al, 20091). 
 
Potential transferability of results is questionable, due to the fact that this risk factor has not been 
investigated under a wide range of conditions. The main restriction is that the vast majority of 
studies concern regional locations. It is therefore not feasible to produce an overall estimate for the 
effect of the number of lanes on the number of accidents. 
 
Four of the five studies show a negative effect on road safety for an increasing number of lanes. The 
last study shows a positive effect on road safety for an increasing number of lanes. Overall the 
studies which investigate the single effect of the number of lanes are in line. The four studies 
showing a negative effect are methodologically similar (although using different datasets and 
conditions). The positive study takes mountainous roads with adverse weather conditions into 
account. Overall the basic studies reveal negative effects on road safety for an increasing number of 
lanes and this may vary for more complicated models with extended data. 
 
1.6 NOTES ON ANALYSIS METHODS 
 
In general, the coded studies are of sufficient quality and are methodologically sound. Most of the 
studies are based on statistical regression models using different sets of dependent and 
independent variables. The studies mainly focus on regional networks with specific characteristics 
and limited available data which make it difficult to estimate the reliability of the results and the  
 
1 (Elvik, Hoye, Vaa, & Sorensen, 2009) 
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possibility for comparison. Moreover, the effect has not been tested under the same or under all 
conditions and more studies are needed. Overall, the topic has not been deeply studied. Because of 
the fact that the study designs, the applied methods and input data are somewhat heterogeneous 
and inconsistent, potential transferability of results is unlikely. 
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2  Scientific overview 
 
 
 
 
 
 
2.1 DESCRIPTION OF AVAILABLE STUDIES 
 
2.1.1 Definition of number of lanes 
 
The risk factor number of lanes is defined as the number of driving lanes of multilane urban and rural 
highways. In some studies the number represents the number of lanes for a single direction, in other 
studies it represents the number of lanes of both directions combined. In almost all studies the 
number of lanes is included as a dummy (or dichotome) variable. A dummy variable takes the value 
of 0 or 1, indicating whether the variable number of lanes is either present or absent. In all studies 
the reference situation represents road segments with the lowest number of lanes and is compared 
to road segments with additional lanes. In four of the five studies the number of lanes per direction 
in the reference situation is equal to two lanes. The fifth study concerns a single lane per direction as 
reference. 
 
2.1.2 What is the relationship between crashes and the number of lanes 
 
5 studies (out of a potential 22) were selected for coding on the basis of being the most recent, 
relevant (in terms of reported effects of the number of lanes on road traffic crashes) and published in 
recognised scientific journals. All of these studies were coded. 
 
All five studies investigated the relationship between crash frequency (number of accidents) and the 
number of lanes. Three of these studies specified the crash frequencies according to crash severity 
(total, fatal, serious injury and accidents). One of the studies specified the crash frequency according 
to crash location (urban, rural, with on-ramp, with off-ramp and without ramps). One study didn’t 
make any specifications in terms of crash severity or crash type. The five investigated studies report 
the effects based on the development of a Crash Prediction Model (CPM) or a Safety Performance 
Function (SPF). 
 
A paper by Ahmed et. al (2011) presents an exploratory investigation of the safety problems of a 
mountainous freeway section with unique weather conditions and geometric variables, including the 
number of lanes, curve radius, deflection angle, degree of curvature, median width, shoulder width 
and curve length. Three models are created including a Poisson model and a Bayesian hierarchical 
model with spatial and random effects. The variable number of lanes is included as a dummy 
variable in which ‘zero’ represents the scenario with 2 driving lanes and ‘one’ represents the scenario 
with 3 driving lanes. Based on the statistical test it can be said that the Bayesian models, outperform 
the Poisson model. All three models give significant outcomes of which the random effect model 
gives the best model fit. The result was a decrease in the number of crashes of 40% for roads with 
three driving lanes compared to roads with two driving lanes, with all other factors being equal. 
 
A paper by Rangel et. al (2013) presents a negative binomial regression model to determine the 
relationship between crashes and highway characteristics like AADT, average speed, percentage of 
HGV, number of lanes and number of intersections. Three models have been developed in order to 
estimate the effect for different crash severities including accidents, injuries and fatalities. Although 
it is known that the number of lanes varies between 4 and 8 lanes (with an average of 4.2), the paper 
does not report the conditions very clearly. For all three models the coefficient is positive, implying 
an increase in the number of crashes for an increasing number of lanes. The exact numbers used for 
comparison are not mentioned in the paper, only the coefficient and the final conclusion. 
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 A paper by Islam et. al (2014) developed crash prediction models for freeways using negative 
binomial distributions and by considering interactions between speed limit and selected geometric 
variables. Models were estimated for four crash categories: single vehicle total crashes, single 
vehicle fatal and injury crashes, multi vehicle total crashes, and multi vehicle fatal and injury crashes. 
The study compares road segments with 4 driving lanes (reference condition) to road segments with 
6 and 8 driving lanes. No significant relationships were found for single vehicle crashes, only for 
multi vehicle crashes on roads with between 4 and 8-lane. These results are in line with the theory 
that more lanes lead to more interaction between drivers and can therefore lead to more crashes 
between vehicles. More lanes do not imply an increase in single vehicle crashes. Since the 
relationship between multivehicle crashes on 4- and 6-lane road sections were statistically similar, 
these road segments were combined to represent a new reference condition. Analysis revealed that 
the only significant results were found for fatal and injury crashes involving multiple vehicles. For the 
variable 8 lanes a significant positive coefficient was found for fatal and injury crashes, implying an 
increase in the number of crashes for an increased number of lanes. 
 
A paper by Quddus (2013) explored a series of relationships between average speeds, speed 
variation, road geometry and crash rates based on the major road network around London. Two 
models were used in this study, a non-spatial random-effects negative binomial model and a spatial 
Poisson-lognormal model using a full hierarchical Bayesian model to explore the relationship. Both 
models predict crash rates for killed and severely injured (KSI) and slightly injured (SI) crashes. In 
both models 2 lane road segments (reference) are compared with 3 and 4 lane segments. For both 
models significant positive coefficients were found, implying an increase in the crash rate with an 
increase in the number of lanes. Both models show a higher coefficient for SI crashes compared to 
KSI crashes, a lower coefficient for 4 lanes KSI crashes compared to 3 lanes KSI crashes and a higher 
coefficient for 4 lanes SI crashes compared to 3 lanes SI crashes. 
 
A study by Chengye et. al (2013) presents a crash prediction model using negative binomial 
regression. Prediction models were developed for three different categories: the whole motorway; 
rural and urban motorway segments separately; and motorway segments with an off-ramp, on-
ramp and without ramps separately. The variable number of lanes varies between 2 and 5 lanes, with 
an average of 2.76. In the study there is no distinction between 2 and 4 lanes or 3 and 4 lanes, only 
the general effect of increasing the number of lanes is given. For all categories the coefficients are 
positive, implying an increase in the number of crashes with increasing number of lanes. The 
coefficient of rural segments is higher than the coefficient of urban segments, implying a higher 
increase of crashes on rural segments. For road segments with either an off-ramp or an on-ramp the 
coefficient is almost equal. The coefficient for road segments without a ramp is slightly higher, 
implying a higher increase of crashes. 
 
2.2 ANALYSIS METHODS AND RESULTS 
 
2.2.1 Introduction 
 
The effects of the number of lanes can be summarised as follows:  
• 1 study with an significant decrease of crash frequency for a higher number of lanes (+)
• 4 studies with a significant increase of crash frequency for a higher number of lanes (-)
 
Table 1 illustrates an overview of the main features of coded studies (sample, method, outcome and 
results). 
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Table 1 Description of coded studies 
 
Author(s) 
  
Sample and study design 
  
Method of 
  
Outcome 
  
Main result 
  
          
 
          
 
 , Year      analysis   indicator     
 
               
 
               
 
Ahmed et al  1877 crashes from 2000 to 2005 collected  Poisson model,  Number of crashes  A higher number of lanes 
 
(2011)   on 168 road segments. Data includes  spatial and random     leads to significant decrease 
 
    AADT and roadway characteristics. Full  effect Full Bayesian     of crashes 
 
    Bayesian study incorporating regression  model       
 
    modelling          
 
         
 
Rangel et al  5525 crashes from 2007 to 2009 collected  Negative Binomial  Number of crashes  A higher number of lanes 
 
(2013)   on 696 road segments, including 1937  model  per crash severity  leads to significant increase 
 
    accidents, 3480 injuries and 108     (accidents, injuries  of crashes 
 
    fatalities. Data includes AADT and     and fatalities)    
 
    roadway characteristics. Cross-sectional          
 
    and observational study incorporating          
 
    regression modelling          
 
         
 
Islam et. al  751 crashes from 2009 to 2011 collected  CPM using a  Number of crashes  A higher number of lanes 
 
(2014)   on 949 road segments, including 237  negative binomial  per crash severity  leads to significant increase 
 
    single vehicle crashes and 514 multi  distribution  (fatal and injurious  of crashes. 
 
    vehicle crashes. Data includes AADT and     crashes)    
 
    roadway characteristics. Cross-sectional          
 
    study incorporating regression modelling          
 
         
 
Quddus  3779 crashes from 2003 to 2007 collected  Non-spatial  Number of crashes  A higher number of lanes 
 
(2013)   on 298 road segments. Data includes  random-effect  per crash severity  leads to significant increase 
 
    AADT and roadway characteristics.  Negative binomial  (killed and severe  of crashes for all crash 
 
    Cross-sectional study incorporating  model and a spatial  injuries, slight  severities 
 
    regression modelling  Poisson lognormal  injuries)    
 
       model using a full       
 
       hierarchical       
 
       Bayesian model for       
 
       exploring       
 
         
 
Chengye et al  483 crashes from 2004 to 2010 collected  Negative Binomial  Number of crashes  A higher number of lanes 
 
(2013)   on 137 road segments. Data includes  models  per category (whole  leads to significant increase 
 
    AADT and roadway characteristics.     motorway, urban  of crashes for all categories 
 
    Cross-sectional study incorporating     and rural segments,    
 
    regression modelling     with off-ramp or on-    
 
          ramp and without    
 
          ramps)    
 
               
 
 
Of the five studies, four indicate that increasing the number of lanes leads to an increased number of 
crashes. Differences can be noted when additional data or interaction variables are taken into 
account. Additionally, the effects are based on multiple regressions using different sets of variables 
and different models whereby the results do not lend themselves to meta-analysis. 
 
2.2.2 Overall estimate for accident severity 
 
Not all of the coded studies correct for exposure and the estimates are subject to different models 
with different sets of dependent and independent variables and therefore the estimates are not 
directly comparable. Estimates solely based on the risk factor number of lanes give mixed results 
and depend on the independent variables which are used. For example, grade, speed limits, road 
type, percentage of HGV, curvature etc. 
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3  Supporting document 
 
 
 
 
 
3.1 METHODOLOGY 
 
3.1.1 Literature Search strategy 
 
The literature search aimed at identifying the highest quality and most recent studies aimed at 
quantifying the relationship between number of lanes and crash occurrence (number of crashes) and 
crash severity. The document search strategy aimed at sourcing the most recent studies undertaken 
in Europe and published in recognised scientific journals and publications. Failing that, the search fell 
back on studies from other parts of the world but with the proviso that these were published in 
recognised scientific publications. The Scopus and TRID databases were searched and abstracts 
were scanned to make a first selection of relevant literature. All searches were filtered on English 
results only. 
 
To select papers relating to road safety in Scopus, the following query is used: ((road and casualt*) or 
(road and injur*) or (road and accident*) or (road and crash*) or (traffic and injur*) or (traffic and 
casualt*) or (traffic and accident*) or (traffic and crash*)). 
 
To select papers relating to road safety in TRID, the following query is used: (collision* or crash* or 
accident* or injur* or casualt*) AND (traffic or road).2 
 
The aforementioned queries were combined with a query to select papers relating to the risk factor 
number of lanes: “amount of lanes” or “number of lanes” or ((amount and lanes) or (number and 
lanes)). 
 
These queries were combined in Scopus and TRID to search for literature about the risk factor 
number of lanes. To distinguish literature from Europe and Worldwide, the results were loaded into 
Mendeley, where the following query was used to identify literature from Europe: (Italy or Ireland or 
Hungary or Greece or Germany or France or Finland or Estonia or Denmark or Czech or Cyprus or 
Croatia or Bulgaria or Belgium or Austria or Scotland or England or Britain or United Kingdom or 
Sweden or Spain or Slovenia or Slovakia or Romania or Portugal or Poland or Netherlands or Malta 
or Luxembourg or Lithuania or Latvia). 
 
The number of hits for Europe and Worldwide and for Scopus and TRID are presented in table 1. 
 
Table 1 Literature search strategy 
 
search no. 
  
Region 
  
Database 
  
hits 
 
 
       
 
            
 
#1  Europe    Scopus 16  
 
         
 
#2  Europe    TRID 36  
 
         
 
#3  Worldwide    Scopus 153  
 
         
 
#4  Worldwide    TRID 278  
 
            
  
 
 
2 The difference in the queries is due to differences in restrictions to the query length between the two sources. 
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Following the initial selection of relevant publications, a new selection of publications was made in 
Mendeley, sorting the publications by year and source. Only publications from trusted sources and 
the most recent publications were selected. with a maximum number of about 80. From this 
selection all abstracts were reviewed. From reviewing the abstracts a total of 21 publications were 
selected as the most promising. From reviewing the full texts only 6 publications were selected for 
coding, of which the five most relevant were coded. The remaining 15 studies were not coded 
because the topic number of lanes was not specifically addressed. For example, the focus was on: 
road tunnels, pedestrian crashes, traffic signals, congestion etc. The handbook of road safety 
measures (Elvik et al., 2012) also mentions relevant studies for the topic number of lanes. These 
studies were not selected for coding since they were published before 1990. 
 
The final studies selected for the topic number of lanes suggest that although this topic has been 
studied in some depth, the study methodologies and subsequent results are diverse and mixed. No 
recent meta-analyses were found on this topic and the literature review reveals that the results of 
the selected five studies do not lend themselves for inclusion in a meta-analysis. The majority of 
these studies are based on multiple regression models using different dependent and independent 
variables and with varying outcomes. 
 
3.2 LIST OF STUDIES 
 
 
A detailed list of studies considered (and of which the first 5 were selected for coding) are listed 
below: 
 
3.2.1 Coded references 
 
1. Ahmed, M. et al., 2011. Exploring a Bayesian hierarchical approach for developing safety 
performance functions for a mountainous freeway. Accident; analysis and prevention, 
43(4), pp.1581–9. Available at: http://www.scopus.com/inward/record.url?eid=2-s2.0-
79955611692&partnerID=tZOtx3y1 [Accessed April 5, 2016]. 
 
2. CHENGYE, P. & RANJITKAR, P., 2013. Modelling Motorway Accidents using Negative Binomial 
Regression. Journal of the Eastern Asia Society for Transportation Studies, 10, p.pp 1946–1963. 
Available at: http://dx.doi.org/10.11175/easts.10.1946. 
 
3. Rangel, T., Vassallo, J.M. & Herraiz, I., 2013. The influence of economic incentives linked to 
road safety indicators on accidents: the case of toll concessions in Spain. Accident; analysis and 
prevention, 59, pp.529–36. Available at: http://www.scopus.com/inward/record.url?eid=2-s2.0-
84882397237&partnerID=tZOtx3y1 [Accessed March 1, 2016]. 
 
4. Islam, M. et al., 2014. Developing Safety Performance Function for Freeways by Considering 
Interactions Between Speed Limit and Geometric Variables. Transportation Research Record: 
Journal of the Transportation Research Board, 2435(2435), p.pp 72–81. Available at: 
http://dx.doi.org/10.3141/2435-09 [Accessed April 5, 2016]. 
 
5. Quddus, M., 2013. Exploring the Relationship Between Average Speed, Speed Variation, and 
Accident Rates Using Spatial Statistical Models and GIS. Journal of Transportation Safety & 
Security, 5(1), pp.27–45. Available at: http://www.scopus.com/inward/record.url?eid=2-s2.0-
84872388803&partnerID=tZOtx3y1 [Accessed April 5, 2016]. 
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3.2.2 Selected not coded references 
 
6. Brilon, W. & Lemke, K., 2000. CROSS SECTIONS IN ROAD TUNNELS. In pp. p. 228–
238. Available at: https://trid.trb.org/view/656894. 
 
7. Caliendo, C., De Guglielmo, M.L. & Guida, M., 2013. A crash-prediction model for road tunnels. 
Accident; analysis and prevention, 55, pp.107–15. Available at: 
http://www.scopus.com/inward/record.url?eid=2-s2.0-84876127282&partnerID=tZOtx3y1 
[Accessed February 26, 2016]. 
 
8. Caliendo, C. & Guida, M., 2014. A New Bivariate Regression Model for the Simultaneous 
Analysis of Total and Severe Crashes Occurrence. Journal of Transportation Safety and Security, 
6(1), pp.78–92. Available at: http://www.scopus.com/inward/record.url?eid=2-s2.0-
84885088454&partnerID=40&md5=17eb08901c145a975da13ccbbfd96d54 [Accessed April 5, 
2016]. 
 
9. Chimba, D. & Sando, T., 2010. Multinomial Probability Assessment of Motorcycle 
Injury Severities. Advances in Transportation Studies, 21, p.pp 73–80. Available at: 
https://trid.trb.org/view/924888. 
 
10. Chimba, D. et al., 2014. Factors Affecting Median Cable Barrier Crash Frequency: New 
Insights. Journal of Transportation Safety and Security, 6(1), pp.62–77. Available at: 
http://www.scopus.com/inward/record.url?eid=2-s2.0-84885099331&partnerID=tZOtx3y1 
[Accessed April 5, 2016]. 
 
11. Dijkstra, A., 1989. A TYPOLOGY OF ROAD SECTIONS WITH ACCIDENT CONCENTRATIONS 
WITHIN BUILT-UP AREAS . CONFERENCE PAPERS ON THE WORKING DAYS ON TRAFFIC 
ENGINEERING 1989. Crow Publikatie 23, pp.p. 123–138. Available at: 
https://trid.trb.org/view/313967. 
 
12. Jamroz, K. & Michalski, L., 1992. TRAFFIC SAFETY RELATED TO TYPES OF ROAD 
AND TRAFFIC SIGNALS. VTI Rapport, (380A PT4), pp.p. 61–9. Available at: 
https://trid.trb.org/view/413455. 
 
13. Kaplan, S. & Prato, C.G., 2013. Cyclist-motorist crash patterns in Denmark: a latent class 
clustering approach. Traffic injury prevention, 14(7), pp.725–733. Available at: 
http://www.scopus.com/inward/record.url?eid=2-s2.0-84892717851&partnerID=tZOtx3y1. 
 
14. Kononov, J., Bailey, B. & Allery, B., 2008. Relationships Between Safety and Both 
Congestion and Number of Lanes on Urban Freeways. Transportation Research Record: 
Journal of the Transportation Research Board, 2083(2083), pp.26–39. Available at: 
http://www.scopus.com/inward/record.url?eid=2-s2.0-63849190098&partnerID=tZOtx3y1 
[Accessed April 5, 2016]. 
 
15. Kononov, J. et al., 2012. Relationship Between Freeway Flow Parameters and Safety and Its 
Implication for Adding Lanes. Transportation Research Record: Journal of the 
Transportation Research Board, 2279(2279), pp.118–123. Available at: 
http://www.scopus.com/inward/record.url?eid=2-s2.0-84869181869&partnerID=tZOtx3y1 
[Accessed April 5, 2016]. 
 
16. Mergia, W.Y. et al., 2013. Exploring factors contributing to injury severity at freeway merging 
and diverging locations in Ohio. Accident Analysis & Prevention, 55, pp.202–210. Available at: 
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http://www.scopus.com/inward/record.url?eid=2-s2.0-
84876108509&partnerID=tZOtx3y1 [Accessed April 5, 2016]. 
 
17. Romanow, N.T.R. et al., 2013. Assessing inter-rater agreement of environmental audit data in a 
matched case-control study on bicycling injuries. Injury Prevention, 19(5), pp.336–341. 
Available at: http://www.scopus.com/inward/record.url?eid=2-s2.0-
84884704135&partnerID=tZOtx3y1 [Accessed April 5, 2016]. 
 
18. Shawky, M.A., Garib, A.M. & Al-Harthei, H., 2014. The Impact of Road and Site Characteristics 
on the Crash-Injury Severity of Pedestrian Crashes. Advances in Transportation Studies, 
1(Special Issue), p.pp 27–36. Available at: https://trid.trb.org/view/1356617. 
 
19. Ukkusuri, S. et al., 2012. The role of built environment on pedestrian crash frequency. Safety 
Science, 50(4), pp.1141–1151. Available at: http://www.scopus.com/inward/record.url?eid=2-
s2.0-84856459834&partnerID=tZOtx3y1 [Accessed April 5, 2016]. 
 
20. Venkataraman, N., Ulfarsson, G.F. & Shankar, V.N., 2013. Random parameter models of 
interstate crash frequencies by severity, number of vehicles involved, collision and location type. 
Accident; analysis and prevention, 59, pp.309–18. Available at: 
http://www.scopus.com/inward/record.url?eid=2-s2.0-84880143707&partnerID=tZOtx3y1 
[Accessed April 5, 2016]. 
 
21. Wang, X. & Chen, M., 2012. Safety Analysis on Urban Arterials Considering Operational 
Conditions in Shanghai. Procedia Engineering, 45, pp.836–840. Available at: 
http://www.scopus.com/inward/record.url?eid=2-s2.0-84891672311&partnerID=tZOtx3y1 
[Accessed February 2, 2016]. 
 
3.2.3 Supporting references 
 
Elvik, R., Hoye, E., Vaa, T., & Sorensen, M. (2009). The Handbook of road safety Measures, 2nd 
edition. Bingley, UK: Emerald Publishing. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SafetyCube | Synopsis on number of lanes| WP5 11  
 Synopsis 20: Increase lane width 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SafetyCube | Synopsis on Lane/Ramp treatment – Increase lane width | WP5 
1 Summary 
 
 
Goldenbeld, Ch., Schermers, G. & Loenis, B. (SWOV, The Hague, Netherlands, June 15th 2017)  
 
 
 
 
1.1 COLOUR CODE: GREY 
 
The effect of lane width on road safety can be either positive or negative depending upon 
simultaneous changes in other cross-section design or road alignment characteristics. 
 
 
1.2 KEYWORDS 
 
lane width, rural, urban, number of lanes, road surface width, cross-section, measure, intervention 
 
1.3 ABSTRACT 
 
Lane width is one of several of important variables of cross-sectional road design. Cross sectional 
elements such as lane and shoulder widths vary depending on roadway function, traffic volume, and 
design speed. According to the geometric design manuals, higher traffic volume and design speed 
require wider lanes and shoulders. 
The findings or processes concerning lane width that are transferable to or operative in all countries 
are that narrow lanes invite lower speeds and have a higher risk of same or opposite direction 
contact between vehicles, and that wider lanes invite higher speeds and a lower risk of same- or 
opposite direction contact between vehicles. Also a more general finding corroborated in various 
studies is that on 2-lane rural or urban roads the widening of lanes tends to improve road safety. 
For rural two lane highway roads there is robust evidence that widening lane width reduces the 
occurrence of single-vehicle run-off-road (SVROR), same- and opposite-direction crashes. However, 
at the same time studies have indicated that very wide lanes (or shoulders) may increase crash risk 
mainly due to higher speeds. American experts have agreed upon CMFs (crash modification factor) 
for lane and shoulder widths in the Highway Safety Manual. Some studies in the USA show road 
safety benefits by decreasing lane width whereas others show negative effects. For roads with 3,65 
meter lanes and with speed limits of 40 mph or higher it was estimated that decreasing lane width 
would produce better safety results than increasing lane width. Other studies in the USA show that 
by adding a lane by narrowing existing lanes on 4-lane urban freeways may increase accidents. 
These conflicting results illustrate the importance of the relationship between combinations of 
cross-sectional elements with crashes rather than trying to isolate one specific element. 
For those roads in Europe which are similar to the studied American roads in terms of main design 
variables such as speed limit, lane width, number of lanes, shoulder width, traffic volume and lane 
separation, the results from American research may be used as a valid reference. 
 
1.4 BACKGROUND 
 
What is the role of lane width in road design? 
 
Lane width is one of several elements of a road’s cross section. Cross sectional elements include lane 
width, shoulder width, shoulder type, roadside features, median design, and others (Zegeer & 
Council, 1995). Lane width is determined by the dimensions of the design vehicle, the lateral 
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clearance needed to keep the vehicle in a straight line, the design speed and a safety margin (e.g. 
to negotiate corners, to keep the vehicle in a straight line etc.) 
 
How does lane width affect road safety? 
 
A traffic lane which is too narrow, excessively wide or not visible to drivers may contribute to 
increased crash risk (Austroads Road Safety Engineering Toolkit, 2017). The choice of an adequate 
lane width depends on many factors such as traffic composition, vehicle dimensions, lane location, 
horizontal geometry, and (in urban areas) provision of on-street parking. Design guidelines suggest 
that recommended lane widths depend on these factors. 
 
A traffic lane that is too narrow will lead to encroachment into the adjoining parking, bicycle or 
traffic lanes (Austroads Road Safety Engineering Toolkit, 2017). Since trucks and buses can be 
almost 3.0 m wide, most traffic lanes need to be more than 3.0 m wide. A narrow kerbside lane 
(e.g. less than 4.2 m width) is risky for cyclists. A narrow lane next to a parking lane may put car 
occupants and cyclists at risk of direct collision. A lane that is too wide however (> 4.5 m wide), may 
lead to higher speeds and also to the risk of two cars trying to share one wide lane.  
 
On roads with traffic lane widths narrower than recommended, or with unclear lane markings, 
the crash risk is increased due to: 
 
• drivers trying to pass a wider vehicle with insufficient space to do so (sideswipes, run-off-road, 
head-on crashes)
• encroachment into parking or bicycle lanes (sideswipe, rear-end crashes with parked 
vehicle/bicycles)
• less room for driver error, or simply inadequate swept path for wide vehicles – particularly 
on curves (sideswipe, head-on, run-off-road crashes)
• reduced sight lines to other vehicles in congested conditions (rear-end, sideswipe and head-on)
• reduced clear zone to the roadside hazards (run-off road, head on).
 
On urban roads, very wide through traffic lanes (above 4.5 m) may encourage higher speeds or even 
the formation of two informal traffic streams in one lane under congested conditions, leading to 
sideswipe and merging crashes. 
 
On rural roads, very wide or unmarked lanes may lead to excessive traffic speeds, resulting in 
increases in run-off-road crashes, particularly in curves. Lanes that are too narrow, particularly on 
curves, may also increase the risk of run-off-road and head-on crashes. 
 
The adequacy of existing or planned lane widths should be judged in the context of the road 
function (Austroads Road Safety Engineering Toolkit, accessed May 18th 2017): 
 
• Local access streets should not have defined or continuous traffic lanes and should rely on 
effective road width for the safe passage of all vehicles (provision of lane markings may 
actually increase the operating speeds).

• Collector roads should have adequate widths to also accommodate the needs of buses and 
cyclists.
• The lane widths of arterial roads should be determined according to the desired functions of 
routes established in route management plans.
 
How can traffic lane widening be useful? 
 
The widening of traffic lanes can be carried out on horizontal curves, on straight road sections and on 
intersection approaches (Austroads Road Safety Engineering Toolkit, accessed May 18th 2017): 
 
• On curves, widening of narrow lanes can overcome the problem of vehicles requiring a greater 
pavement width to accommodate rear wheels tracking on the inside of the front wheel path at
 
 
 
SafetyCube | Synopsis on Lane/Ramp treatment – Increase lane width | WP5 
 
low speeds. Wider lanes reduce the risk of the overhanging front of the vehicle colliding with 
oncoming traffic. By widening the lanes, drivers have more space within their lane to manoeuvre 
the vehicle through the curve, giving the driver more room for error without serious 
consequences. 
 
• On straight sections of multi-lane roads the widening of lanes can reduce the incidence of 
sideswipe crashes. Again, the additional road space allows drivers more margin for error. Also, it 
is less stressful for the driver to keep the vehicle within the lane.

• On approaches to signalised urban intersections narrower lanes can reduce speeds and 
thus contribute to better red light compliance and intersection safety.
 
Research shows that on rural roads, through traffic lanes of below 3.0 m attract significantly higher 
crash rates. Literature and various design guidelines generally recommend that through traffic 
lanes should be 3.5 m wide, except where presence of cyclists or other special uses dictate wider 
lane widths (although fundamentally at sign-posted speeds higher than 30km/h cyclists and 
motorised traffic should be provided physically separated road space).  
 
The desirable lane widths on curves are dependent on the curve radius, width of the lanes on the 
straight section, and the operating speeds. 
 
Some of the key benefits associated with this treatment include:  
• reduced risk of head-on crashes
• reduced risk of run-off-road crashes
• reduced risk of sideswipe crashes
• improved traffic flow.
 
Again it must be emphasised that lane width should be considered within the context of the overall 
cross-sectional design, striving for an optimum balance between the design elements. 
 
What are implementation issues related to increasing lane width? 
 
The widening of traffic lanes may necessitate the entire road section to be upgraded to higher 
standards, both in terms of cross-section and alignment. Such works require large budgets and may 
require substantial earthworks, environmental impact assessment and land acquisition. 
Implementation timeframes may span several years. 
 
Research has found that vehicle speeds increase when roads are widened. This occurs due to 
perception of improved safety by drivers. Thus, lane widening should only be considered where 
crash records strongly indicate that narrow lane width is a clear contributing factor. 
 
Which lane widths are applied worldwide? 
 
Table 1 presents customary lane widths for 2 x1 and 2 x 2 roads applied in various 
countries worldwide. 
 
Table 1: Overview of international lane widths on 80-120km/hour-roads outside urban areas 
(Schermers & van Petegem, 2013)  
  Lane width (m) 
    
    
Country 2 x 1  2 x 2 
    
Brazil 3.75  3.75 
    
Canada 3.0-3.7  3.7 
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  Lane width (m) 
    
    
Country 2 x 1  2 x 2 
    
Denmark 3.0  3.5 
    
France 3.5  3.5 
    
Germany 3.25-3.50  3.50-3.75 
    
Great-Britain 3.65  3.65 
    
Greece 3.25-3.75  3.50-3.75 
    
Japan 3.25-3.50  3.50-3.75 
    
Netherlands 2.75  3.10 
    
Poland 3.0-3.5  3.5-3.75 
    
South Africa 3.1-3.7  3.7 
    
Sweden 3.75  Not relevant 
    
USA 3.3-3.6  3.6 
    
Venezuela 3.6  3.6 
     
 
 
Which factors influence the effect of lane width on road safety? 
 
As mentioned above the effect of lane width on road safety depends upon how lane width is 
combined with various other geometric design factors (FHWA, 2007). For example: 
 
• On high-speed roadways that have both narrow lanes and narrow shoulders, the risk of 
severe lane-departure crashes increases. Drivers on rural two-lane highways may shift even 
closer to the centreline as they become less comfortable next to a narrow shoulder. At 
other times, they may shift closer to the shoulder edge and are at greater risk of driving off 
the paved portion of the roadway.

• Narrow lane widths in combination with curvilinear horizontal alignments increase the risk 
of lane departure crashes.
 
How is the effect of lane width on road safety measured? 
 
The research in the seventies and eighties was mostly before-after or cross-sectional studies where 
the safety effects of variations in lane width were studied. In nearly all studies, changes in lane 
width were combined with other changes to the road, thereby confusing the treatment variable. In 
more recent years, before-after studies with the Empirical Bayes method have become the 
dominant research method. 
 
1.5 RESULTS 
 
 
1.5.1 Overview of results 
 
6 studies were coded, 5 crash studies from USA and one simulator study from New Zealand. The crash 
studies were of moderate to good quality, controlling for several variables and for regression 
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to the mean (case control, Empirical Bayes, Full Bayes). However, different road types (rural, urban, 
2-lane, multilane) were studied so that the results cannot be ‘accumulated’ or ‘averaged’ in a simple 
way. Some limitations of studies were noted: a study on simulated driving invites questions on 
external validity, 1 study did not provide clear information on the change of lane width, 1 study used 
several measures at same time (change number lanes, change lane width, change lane types) 
 
• A simulator study found that narrow roads lead to lower speeds and lane positions further away 
from the left road edge (in countries driving on the left).
• For two-lane undivided rural roads, there is USA evidence that increasing lane width from 3.05 
metres to 3.35 or 3.60 metres will improve road safety, with the best safety results for roads 
with total pavement width of 10.36 metres.

• Two USA studies, one on 2-lane urban roads and one on 2-lane rural roads, found crash 
reductions approaching 30% due to increasing the lane width of these roads.
• In the USA there is evidence that on 4-lane urban freeways adding a lane by narrowing existing 
lanes may increase accidents. However, besides narrower lanes, shoulder to lane conversion 
and the use of High Occupancy Vehicle (HOV) lanes may also partly explain these results.

• In the USA there is evidence that the relationship between crash rate and lane width is 
best approached by a non-linear model.
• In the USA there is evidence that both increasing and decreasing lane width of roads with 
3.65 metre lanes can improve road safety.
• In the USA there is evidence that the effect of increasing or decreasing lane width interacts with 
speed limit (in a nonlinear way).
• In the USA there is evidence that on roads with 3.65 metre lanes decreasing lane width will 
produce better safety results than increasing lane width for roads with speed limits of 40 mph or 
higher. 
 
1.5.2 Transferability 
 
The findings or processes concerning lane width that are transferable to or operative in all countries 
are that narrow lanes invite lower speeds and have a higher risk of same or opposite direction 
contact between vehicles, and that wider lanes invite higher speeds and a lower risk of same- or 
opposite direction contact between vehicles. Also a more general finding corroborated in various 
studies is that on 2-lane rural or urban roads the widening of lanes tends to improve road safety. 
 
It should be noted that most of the studies on lane width were carried out in the USA. In drawing 
inferences from American studies to European roadways, researchers should take care to consider 
possible differences in roadway design, and (design) vehicle composition between USA and Europe. 
For those roads in Europe which are similar to studied American roads on main design variables 
such as speed limit, lane width, number of lanes, shoulder width, and lane separation, the results 
from American research may be used as a reference. 
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2 Scientific overview 
 
 
 
 
 
 
This scientific overview on the safety effect of lane width first describes knowledge from the general 
literature (Section 2.1), it then describes methods (Section 2.2) and results of the coded studies 
(Section 2.3) and it ends with major conclusions (Section 2.4). 
 
 
2.1 LITERATURE REVIEW  
 
International reviews 
 
Recent literature searches or reviews on the relationship between lane width and safety on rural 
roads have been done by Furth (2015), Geedipally et al. (2016), and Schermers & Petegem (2013). 
Lane width should be examined in relation to the expected operational speed (SafetyNet, 2009) and 
in combination with the other geometric design elements. Very narrow lanes cause problems, 
especially as far as heavy vehicles are concerned. In general, increasing lane width results in certain 
improvement of road safety. However, wide lanes may lead to significant increases in travel speeds 
(SafetyNet, 2009). Research results have shown that accident risk decreases when lane width 
increases (SafetyNet, 2009). Results for two-lane roads indicated that increasing lane width beyond 
3.3 m may not be justified in terms of road safety benefit (SafetyNet, 2009). 
 
Reviewing the research on two-lane rural road cross-sections, Michalski (1994) summarised the 
overall safety effects of lane and shoulder width as follows: 
 
• crash rates generally decreased as lane and shoulder widths increased, lane and shoulder 
conditions directly affected run-off-road (ROR) and frontal head-on accidents (these accident 
types represent over 50% of the total); other accident types were not directly affected by these 
elements,

• rates of run-off-road (ROR) and head-on crashes decreased with increasing lane width; 
however, the marginal effect of lane width increments was diminished as either the base lane 
width or base shoulder width increased; the unadjusted crash rates were approximately the 
same (or slightly higher) for 3.6 m lanes as for 3.3 m lanes, possibly indicating in part the limit 
beyond which further increases in lane width are ineffectual,

• rates of ROR and head-on crashes decreased with increasing shoulder width; however the 
marginal effect of shoulder width increments was diminished as either the base lane width or 
base shoulder width increases; before-after studies also showed a significant reduction (12% - 
2.7%) for the total crash rate,

• when adding or widening paved or stabilised shoulders on two-lane roads it should be noted 
there was a slight increase in rate for shoulders 3.0-3.7 m wide,
• lane width had a greater effect on crash rates than shoulder width.
 
Schermers and van Petegem (2013) conclude that research into the relationship between lane 
width and crashes has produced varied results; results often depend upon specific circumstances of 
the research. Moreover, most research is not solely concerned with the relationship between lane 
width and crashes but has a broader focus on effects of total paving width, without making 
distinctions between separate elements or combinations of elements. As a rule, these research 
results are restricted to the particular road situations that were studied and cannot be generalised 
to dissimilar road situations. 
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A meta-analysis by Elvik et al. (2009) on the safety effects of lane width widening showed 
inconsistent results that contradicted one another. Widening of lanes below values recommended 
in guidelines to widths consistent with guidelines has led to a positive effect in one study and a 
negative effect in another. Widening the lane widths within a range of allowed widths has produced 
a positive effect, i.e. a decrease of crashes (Elvik et al., 2009). 
 
USA research 
 
Zegeer et al. (1980) studied the effect of lane and shoulder widths on crash benefits on rural two-
lane highways in Kentucky. The main conclusions were that run-off-road (ROR) and head-on crashes 
were the only crash types found to be associated with narrow lanes. The researchers concluded that 
widening lanes from 8 ft (2.42m) to 11 ft (3.33m) would be expected to reduce ROR and head-on 
crashes by 36 percent. Wider shoulders were associated with lower crash rates. It was expected that 
ROR and head-on crashes decreased by 16 percent with widening shoulders (both sides of the road) 
from 1.6 to 8.2 ft (0.9 to 2.8 metres). Another important finding from the study was that crash rates 
for other types of crashes increased as lane width increased. This was due to the faster operating 
speeds on wider lanes.  
 
The Highway Safety Manual (AASHTO, 2010) presents Crash Modification Factors (CMFs) for 
specific lane widths (Table 2). It can be seen that the number of crashes increases on lanes that are 
narrower than the standard 3.6 m traffic lane. 
 
Table 2: Crash modification factors according to lane width (AASHTO, 2010). 
      
Crash modification factor according to traffic volume 
  
 
        
 
              
 
              
 
  
Lane width (in metres) 
  
400 
  
400 – 2000 
  
> 2000 
  
 
          
 
             
 
              
 
 2.7  1.05   1.05+2.81x10-4(AADT-400) 1.50   
 
          
 
 3  1.02   1.02+1.75x10-4(AADT-400) 1.30   
 
          
 
 3.3  1.01   1.01+2.50x10-5(AADT-400) 1.05   
 
          
 
 3.6  1.00  1.0  1.0   
 
              
 
 
Note: AADT = Traffic volume (vehicles/full day). 
Analyses on the basis of single vehicle, frontal and side crashes 
 
 
 
Research in New Zealand and Australia 
 
In New Zealand, 3.5 m is considered to be the optimal lane width for 1x2-roads outside urban areas 
(NZ Transport Agency, 2011). New Zealand-research indicates that widening paved width, whether 
applied to the traffic lane or to the emergency or shoulder lane, leads to improved road safety. 
 
Specifically, widening lane width from 2.7 to 3.0 m was associated with a 13% crash reduction, 
widening from 3.0 to 3.3 m with a 19% crash reduction and widening from 3.3 m to 3.6 m with a 5% 
crash reduction. 
 
In Australia, the relationship between paved width, lane width and road safety was studied by 
McLean et al. (2010). They found that crash risk on traffic lanes narrower than 3 metres wide 
was 56% higher than on traffic lanes that were 3.0 to 3.5 m wide. 
 
Modifying conditions 
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In general road safety is dependent upon how several elements of a road cross-section are 
combined (Schermers & van Petegem, 2013). The number of traffic lanes, the lane width, the 
emergency lane/shoulder width and the width of the clear zone/road reserve are intertwined and 
the composition of these elements determines the safety of the situation. 
 
A few American studies on 2-lane rural highways have more precisely investigated how safety 
effects of lane width depend upon combinations of lane and shoulder width and ADT (Hauer, 2000; 
Harwood et al., 2009; Gross et al. 2009 discussed in next section). 
 
Harwood et al. (2000) reviewed a broad range of literature and summarised the CMFs for lane and 
shoulder widths on rural two-lane highways, individually. Crash modification factors (CMF) are a 
multiplicative factor that are used to compute or modify the expected number of crashes for 
highway segments based on a treatment such as widening traffic lanes. Table 3 shows CMFs for 
lane and shoulder widths on rural two-lane highways as proposed by Harwood et al. These CMFs 
were adopted by the Federal Highway Administration’s Interactive Highway Safety Design Model 
(FHWA 2013) and AASHTO’s Highway Safety Manual (HSM) (AASHTO 2010). They are widely 
accepted in highway safety planning, management, and crash prediction in the USA (and now 
worldwide).  
 
Table 3: CMFs for Lane and Shoulder Widths (Harwood et al. 2000, as reported in Geedipally et al, 2016, p. 8). 
     
Lane width (ft) 
      
Shoulder width (ft) 
       
 
                  
 
                               
 
                               
 
 
ADT 
  
9 
  
10 
  
11 
  
12 
  
0 
  
2 
  
4 
  
6 
   
8 
 
 
                     
 
    (2.7m)   (3.0m)   (3.3m)   (Base,      (0.6m)   (1.2m)   (Base,   (2.4m)  
 
             3.6m)            1.8m)      
 
                               
 
                               
 
≤ 400 1.05  1.02  1.01  1.0  1.1  1.07  1.02  1.0   0.98  
 
                     
 
400-2000  1.05-1.5  1.02-1.3  1.01-1.05 1.0  1.10-1.5  1.07-1.3  1.02-1.15 1.0   0.98-0.87  
 
                    
 
≥ 2000 1.5  1.3  1.05  1.0  1.5  1.3  1.15  1.0   0.87  
 
                               
 
 
Geedipally et al. (2016) summarised findings from Gross et al. (2009) and Hauer (2000) on crash 
modification factors of specific combinations of pavement width, lane width and shoulder width 
(Table 4) 
 
Table 4: CMFs for Combination of Lane and Shoulder Widths (Gross et al. 2009; Hauer 2000; as reported in Geedipally et 
al. 2016).  
 
Cross 
     
Combinations of lane and shoulder width 
   
 
         
 
 section        (ft)      
 
              
 
               
 
Pavement 
            
 
26.0 26.0 26.0 28.0 28.0 28.0 30.0 3.0 34.0 34.0 36.0 36.0 
 
width (7.9m) (7.9m) (7.9m) (8.5m) (8.5m) (8.5m) (9.1m) (9.1m) (10.4m) (10.4m) (11.0m) (11.0m 
 
             
 
Lane 10.0 11.0 12.0 10.0 11.0 12.0 11.0 10.0 10.0 11.0 10.0 12.0 
 
width (3.0m) (3.3m) (3.6m) (3.0m) (3.3m) (3.6m) (3.3m) (3.0m) (3.0) (3.3m) (3.0m) (3.6m) 
 
             
 
Shoulder 3.0 2.0 1.0 4.0 3.0 2.0 4.0 6.0 7.0 6.0 8.0 6.0 
 
width (o.9m) (0.6m) (o.3m) (1.2m) (o.9m) (0.6m) (1.2m) (1.8m) (2.1m) (1.8m) (2.4m) (1.8m) 
 
             
 
CMF 1.13 1.12 1.85 1.2 1.19 1.16 1.14 1.06 0.84 0.87 0.38 1 
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2.2 ANALYSIS METHODS 
 
This section describes the methods of 6 studies coded within the WP5 framework of SafetyCube. A 
summary of study methods and results is presented in Table 7 in Section 2.3. 
 
Simulation study 
 
A simulation study by Lewis-Evans & Charlton (2006) studied driving behaviour under different lane 
width conditions. Four simulated roads were created for the study. The first road was a practice 
road 20 km long, consisting of an open speed rural road (typically 100 km/h), with little oncoming 
traffic and four side roads. The 3 experimental roads were identical in terms of their geometry, with 
the exception of their width which during the middle 20 km of the road was changed to be wider, 
narrower, or kept the same as the initial road section. For one road (Control road), the lane width 
stayed 3.6 metres throughout all driving sections (and verge width stayed 1.7 m). For roads 2and 3 
(Narrowand Wide roads), lane widths were changed from 3.6 to 3 m and 4.6 m respectively (and 
verge widths changed from 1.7 to 1.3 m and 1.7 to 2.2 m, respectively).  
 
Case control study 
 
Gross et al. (2009) applied a matched case-control analysis to Pennsylvania and Washington state 
road data to identify CMFs for lane and shoulder widths on rural two-lane undivided highways. For 
this study, cases are defined as road segments that experience at least one crash during a particular 
year and controls are drawn from segments not experiencing a crash during the same year. 
 
Geometric, traffic, and crash data were obtained for over 44,500 miles of roadway in Pennsylvania 
from 1997 to 2001. The data were obtained from the Pennsylvania Department of Transportation 
in two parts: a crash inventory database and a roadway inventory file. Crash data were available for 
each year of the study period; however, only one geometric file was available for the 5-year period. 
 
A series of models were estimated for the most common pavement widths from 26 ft to 36 ft. The 
36-ft total width with 12-ft lanes and 6-ft shoulders was selected as the baseline and all odds ratios 
are in relation to this baseline. The odds ratio represents the expected percent increase or decrease 
in the odds of a crash compared to the baseline. All models matched cases and controls by segment 
length and AADT. Additional covariates were included in the models based on available data and are 
discussed individually for each state 
 
Before-after Bayes studies 
 
Bauer et al. (2004) used an observational before-and-after evaluation with the empirical Bayes 
method to examine the safety effects of projects involving narrower lanes or shoulder conversions 
on existing four or five lane (one direction) urban freeways in California. In this study, the treatment 
sites were roadway segments on an urban freeway in which an additional lane was added. The 
evaluation included a total 78.7 km (48.9 mi) of treatment sites, located on 4 freeway routes in Los 
Angeles and San Diego Counties. For analysis purposes, the treatments were divided into 124 sites 
that were homogeneous for conversion type and traffic volume; the homogeneous sites had an 
average length of 0.63 km (0.39 mi). The annual average daily traffic (AADT) volumes of the 
treatment sites ranged from 77,000 to 128,000 vehicles per day in one direction of travel. The 
treatment sites included two basic project types: four-to-five-lane conversions (79 sites) and five-to-
six-lane conversions (45 sites). These conversions partly included narrower lanes (e.g. from 12 feet 
to 11.8, 11.7, 11.6, 11.5, 11.4, 11.2 or 11 feet). 
 
The reference sites in this study were urban freeway sites that were not improved during the 
study period. The reference sites were used to develop safety performance functions (SPFs) for 
urban freeways that were used to estimate how accident frequencies on the treatment sites 
would have changed had there been no treatments. 
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 The 5-to-6 lane conversions (including narrower lanes) did not generate significant effects on road 
safety. However, the 4-to-5 lane conversions (including narrower lanes) resulted in a significant 
increase of all accidents by 11% and a significant increase in fatal and injury accidents by 10%. 
However, as Bauer et al. point out, the study data do not allow to disentangle the effects of 
narrower lanes, the conversion of a shoulder to a travel lane, or the use of added lanes as HOV lane. 
 
Yanmaz-Tuzel & Ozbay (2010) applied a Full Bayesian analysis to estimate the safety effects of an 
increase in lane width. The only information reported in the study about the treatment ‘increase 
lane width’ was that this intervention was used on a 1.77 mile (2.8 km) 2-lane urban arterial road. 
The tested statistical models included traditional, random effects, non-hierarchical and hierarchical 
P-G (Poisson and Negative Binomial) and P-LN (Poisson-Lognormal) distributions.   
In Texas, USA, Wu et al. (2015) selected 22 narrow pavement widening projects (2004-2011) to study 
the safety effects of pavement widening treatment on farm-to-market (FM) or ranch-to-market 
(RM) roads. For each project, a minimum of 12 months of crash data was available for the before and 
the after period. A total of 1,585 roadway segments with characteristics similar to the 22 narrow 
pavement widening projects were selected from the Texas Road–Highway Inventory Network 
database and served as the reference group for the Empirical Bayes procedure. These reference 
roadway segments were all two-lane rural FM and RM roads with no shoulder, no median, and lane 
width ranging from 9 ft (2.7 m) to 11 ft (3.4 m). An Empirical Bayes based before–after analysis was 
conducted on the basis of the results obtained from the regression analysis of the reference group. 
 
Nonlinear model-based study 
 
Lee et al. (2015) studied the effectiveness of changing lane width on reducing crashes on roadway 
segments in Florida. To consider nonlinear relationships between crash rate and lane width, they 
developed generalsed nonlinear models (GNMs) using 3-year crash records and road geometry data 
collected for all roadway segments in Florida. A total of 18,377 crashes occurred on 6323 studied 
roadway segments in 2010–2012. Among the 6323 segments, 3325 segments were undivided roads 
and 2998 segments were divided roads. 
 
The study estimated various crash modification factors (CMFs) for different ranges of lane width 
based on the results of the GNMs. 
 
 
2.3 RESULTS 
 
Lewis-Evans & Charlton (2006) studied driving behaviour under different lane width conditions in a 
driving simulator. They found significant effects of road width on participants’ speeds and lane 
positions, such that narrow roads were associated with lower speeds and lane positions further away 
from the left road edge while wider roads had higher speeds and lane positions closer to the left 
road edge. 
 
Bauer et al. (2004) examined the safety effects of projects involving narrower lanes or shoulder 
conversions on existing four or five lane (one direction) urban freeways in California. In essence the 
study examines a combined effect of increasing number of lanes and decreasing lane width. In this 
study, the 5-to-6 lane conversions (including narrower lanes) did not generate significant effects on 
road safety. However, the 4-to-5 lane conversions (including narrower lanes) resulted in a 
significant increase of all accidents by 11% and a significant increase in fatal and injury accidents by 
10%. Bauer et al. point out that the study data do not allow to disentangle the effects of narrower 
lanes, the conversion of a shoulder to a travel lane, or the use of added lanes as HOV lane. 
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Gross et al. (2009) calculated Crash Modificaton Factors for lane and shoulder widths on rural two-
lane undivided highways in Pennsylvania and Washington. For specific lane-shoulder 
configurations, they found a general safety benefit associated with wider lanes and narrower 
shoulders for a fixed pavement width. For 7.92 to 9.75m (26- to 32-ft) total paved widths, a 3.66-m 
(12-ft) lane provided the optimal safety benefit; the CMF ranged from 0.94 to 0.97, indicating a 3–6 
percent crash reduction over 3.05-m (10-ft) lanes. For a 10.36-m (34-ft) total paved width, 3.35-m 
 
(11-ft) lanes provide the optimal safety benefit yielding a CMF of 0.78 compared to the 3.05-m (10-ft) 
baseline. For a 10.97-m (36-ft) total paved width, both 3.35-m and 3.66-m (11-ft and 12-ft) lanes 
provided the optimal safety benefit; the CMF was 0.95 compared to the 3.05-m (10-ft) baseline. 
Table 5 presents (selected CMFs from the study compared within a fixed pavement width (Gross et 
al. 2009; p. 34; Table 10).  
 
Table 5: CMFs for Combination of Lane and Shoulder Widths (Gross et al. 2009; p. 34; Table 10). 
 
Pavement width (m) 
  
3.05 m lanes 
  
3.35 m lanes 
  
3.66 m lanes 
 
 
        
 
            
 
            
 
7.92  1.0  0.99  0.96  
 
        
 
8.53  1.0  0.99  0.97  
 
        
 
9.14  1.0  0.99  0.97  
 
        
 
9.75  1.0  0.95  0.94  
 
        
 
10.36  1.0  0.78  0.81  
 
        
 
10.97  1.0  0.95  0.95  
 
            
 
 
 
Yanmaz-Tuzel & Ozbay (2010) estimate the safety effects of an increase in lane width on a 1.77 mile 
2-lane urban arterial road in New Jersey. The crash reduction factor for lane widening was 
estimated to be 0.281. In other words, increase in lane width caused a crash reduction of 28.1%. 
Unfortunately, the study did not describe the measure in more detail. 
 
Lee et al. (2015) studied the effectiveness of changing lane width on reducing crashes on roadway 
segments in Florida. They found that the crash rate was highest for 12-ft lane and lower for all lane 
widths higher or lower than the baseline width. The results indicated a significant interaction 
between lane width and speed limit. The estimated CMFs indicated that crashes were less likely to 
occur for lane widths less than 12 ft (3.65m) than lane widths greater than 12 ft if the speed limit 
was higher than or equal to 40 mph (64 km/h). Table 6 presents the CMFs based on the non-linear 
model for different speed limits 
 
Table 6: Crash modification factors for changing lane width (Total crash) (Lee, et al. 2015; p. 90; Table 4). 
Lane width in feet Speed limit < 40 mph 40 mph ≤ SP < 50 mph Speed limit ≥ 50 mph 
    
    
10 (3.05 m) 0.670 0.554 0.574 
    
11 (3.35 m) 0.905 0.863 0.871 
    
12 (3.65 m) - baseline 1 1 1 
    
13 (3.96 m) 0.932 0.953 1.049 
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14 or more (4.27 m or more 0.754 0.826 0.761 
    
 
Wu et al. (2015) studied road safety effects of narrow pavement widening projects (2004-2011) on 
two types of Texan rural roads, on farm-to-market (FM) or ranch-to-market (RM) roads. They found 
a 31% decrease in total accidents and a 29% decrease in fatal and injury accidents due to pavement 
widening. 
 
Overview of results 
 
• A simulator study found that narrow roads lead to lower speeds and lane positions further away 
from the left road edge.
• For two-lane undivided rural roads, there is USA evidence that increasing lane width from 3.05 
m to 3.35 or 3.60 m will improve road safety, with the best safety results for roads with total 
pavement width 10.36 m.

• Two USA studies, one on 2-lane urban roads and one on two-lane rural roads, found crash 
reductions approaching 30% due to increasing the lane width of these roads.

• In the USA, there is evidence that on 4-lane urban freeways adding a lane by narrowing existing 
lanes may increase accidents. However, besides narrower lanes, shoulder to lane conversion and 
the use of High Occupancy Vehicle (HOV) lanes may also partly explain these results.

• In the USA, there is evidence that the relationship between crash rate and lane width is 
best approached by a non-linear model.
• There is evidence from USA research that both increasing and decreasing lane width of 
roads with 3.65 metre lanes can improve road safety.
• In the USA there is evidence that the effect of increasing or decreasing lane width interacts with 
speed limit (in a nonlinear way).
• In the USA there is evidence that for roads with 3.65 m lanes decreasing lane width will produce 
better safety results than increasing lane width for roads with speeds limits of 40 mph or higher. 
 
In Table 7 information on both method and results of coded studies is summarised. 
 
 
Table 7: Methods and results of coded studies (expected safety effect: upward arrow indicates positive effect, 
downward arrow indicates negative safety effect; straight line indicates no clear safety effect) 
 
 
Author, 
  
Method 
  
Road 
  
Measure 
  
Indicator 
  
Expected 
  
Description main effect 
 
 
              
 
 Year,               safety     
 
 Country      type         effect      
                   
 
                         
 
Bauer,  Before-after  Urban  4-to-5 lane (including  Total         11% increase accidents 
 
2004, USA  Empirical  freeways  narrower lanes)  accidents         
 
    Bayes                             
4-to-5 lane (including 
 
Fatal and 
        
10% increase fatal/injury 
 
                 
 
          narrower lanes)  injury       accidents 
 
             accident         
 
                    
 
          5-to-6 lane (including  Total         No significant safety effect  
                   
 
          narrower lanes)  accidents         
 
                    
 
          
5-to-6 lane (including 
 
Fatal and 
        
No significant safety effect                     
 
          narrower lanes)  injury         
 
             accidents         
 
                
 
Lewis-  A driving  Rural 2-  Comparison of driving  Lateral         The Wide road produced a lane 
 
Evans,  simulation  lane state  behaviour under  displacem         position closer to the left road 
 
2006, New  experiment  highway  narrow and wide road  ent       edge (0.26m from the centre of 
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 Author, 
  
Method 
  
Road 
  
Measure 
  
Indicator 
  
Expected 
  
Description main effect 
  
              
 
              
 
 Year,               safety     
 
 Country      type         effect      
                   
 
                       
 
Zealand        conditions.          the lane). The Narrow road 
 
          The narrow, wide          produced a shift away from the 
 
          roads in the simulated          road edge (0.37m to the right 
 
          driving environment          of the lane centre). 
 
          had lane widths of             
                     
 
          respectively 3.0 m, .,6  Speed       Speeds on the Narrow road  
                 
 
          metres.          were significantly lower than 
 
                     on the Control and Wide roads 
 
                     (p < 0.01). Speeds on the Wide 
 
                     road were only marginally 
 
                     higher than the Control speeds 
 
                     (p < 0.067). 
 
                     
 
             
Reported 
      
The Narrow road rated more                     
 
             task       difficult, and more risky than 
 
             difficulty       Control and Wide roads. 
 
                
 
Gross,  Case-  Rural, 2-  Decrease lane width  Severe       decreasing lane width from 12 
 
2009, USA  control  lane  from 12 ft lane at roads  accidents       ft was more effective in 
 
       undivided  with limit of 50 mph          reducing severe crashes for the 
 
       roads  (80 km hr) or higher          speed limits greater than or 
 
                     equal to 50 mph than the 
 
                     speed limits lower than 
 
                     50 mph 
 
                    
 
          Increase lane width  Severe       increasing lane width from 12 
 
          from 12 ft at roads  accidents       ft. did not have significant 
 
          with limit of less than          effects on reduction in 
 
          50 mph (80 km/hr)          severe crashes for the speed 
 
                     limits greater than or equal to 
 
                     50 mph unlike the speed limits 
 
                     less than 50 mph 
 
                
 
Yanmaz-  Full Bayes  Urban  Increase in lane width  Accidents       28.1% decrease 
 
Turkey,  before-after  arterial  (not further specified)            
 
2010, USA  study                  
 
                
 
Lee, 2015,  Estimate of  All road  Increase lane width  Severe       increasing lane width from 12 
 
USA  crash mo-  segments  from reference  Accidents       ft is more effective in reducing 
 
    dification     category 12 ft          severe crashes than decreasing 
 
    factors                lane width from 12 ft 
 
    based on                                        
 
    generalised  Roads < 40  Decrease lane width  Accidents       narrower lane reduces crashes 
 
    nonlinear  mph (64  from reference          for the lane width less than 
 
    models  km/hr)  category 12 feet          12ft when the speed limit is 
 
       speed limit             higher than or equal to 
 
                     40mph 
 
                
 
Wu, 2015,  Before-after  Farm-to-  Narrow pavement  Total       31.5% decrease 
 
USA, Texas  Empirical  market  widening in this study  accidents         
 
    Bayes  (FM) or  typically involves             
                 
 
       ranch-to-  adding lane width, a  Fatal and       29.5% decrease 
 
       market  narrow shoulder, or  injury         
 
       (RM) rural  both to increase the  accidents         
 
       roads.  travel way in each            
 
          direction of a narrow  Injury       30.7% decrease  
          
FM and RM road by 1 
       
 
           accidents                               
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 Author, 
  
Method 
  
Road 
  
Measure 
  
Indicator 
  
Expected 
  
Description main effect 
  
              
 
              
 
 Year,               safety     
 
 Country      type         effect      
                   
 
                     
 
          to 9 ft (0.3 to 2.7 m)  ROR     35.7% decrease 
 
             accidents       
 
                   
 
             Head-on     55.4% decrease 
 
             accidents       
 
                     
  
 
 
2.4 CONCLUSIONS   
Major conclusions are the following: 
• Changing lane width is often done for capacity reasons but it can also affect road safety.

• Very generally, narrow lanes invite lower speeds and have a higher risk of same or opposite 
direction contact between vehicles, and wider lanes invite higher speeds and a lower risk 
of same- or opposite direction contact between vehicles
• The effect of lane width depends upon speed limit and shoulder width.

• On 2-lane rural or urban roads the widening of lanes tends to improve road safety. 
Adding lanes in combination with narrowing lanes to 4-lane or 5 lane highways does not 
improve safety.
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3 Supporting documents 
 
 
 
 
 
 
This Supporting Document on lane width describes method of literature search (Section 3.1), it 
describes characteristics of coded studies (Section 3.2), and it presents references on coded 
studies and general references (Section 3.3). 
 
3.1 METHODOLOGY  
 
 
3.1.1 Literature Search strategy 
 
The literature on lane width and crashes was searched for in the international databases Scopus and 
TRID on 13 march 2017. Scopus is the largest international peer-reviewed database. TRID is an 
integrated database that combines the records from TRB’s Transportation Research Information 
Services (TRIS) Database and the OECD’s Joint Transport Research Centre’s International Transport 
Research Documentation (ITRD) Database. 
 
The literature search aimed at identifying the highest quality and most recent studies for quantifying 
the relationship between lane width and crash occurrence (number of crashes) and crash severity. 
Therefore, the document research strategy was primarily aimed at studies undertaken in Europe and 
published in recognised scientific journals and publications. Failing that, the search fell back on older 
studies and/or studies from other parts of the world but with the provision that these were published 
in recognised scientific publications. The Scopus and TRID databases were searched in the formal 
literature search. All searches were filtered on English results only. 
 
To select papers relating to road safety in Scopus, the following query is used: ((road and casualt*) 
or (road and injur*) or (road and accident*) or (road and crash*) or (traffic and injur*) or (traffic and 
casualt*) or (traffic and accident*) or (traffic and crash*)). To select papers relating to road safety 
in TRID, the following query is used: (collision* or crash* or accident* or injur* or casualt*) AND 
(traffic or road).1 
 
The aforementioned queries were combined with a query to select papers relating to the topic 
lane width: (“narrow lane” or “narrow lanes” or “lane width” or “width of the lane” or “lane widths” 
or “width of the lanes” or “widths of the lanes”). 
 
These queries were also combined with a query to select papers including a measure: “before-after” 
or “countermeasure*” or “intervention*” or “measure*”, excluding “measurement*”. 
 
The combination of queries resulted in 21 selected papers which were further screened on 
relevance for coding in a second screening round. In the second round the same criteria were used 
but were checked on full-text copies of the papers. In the end, 6 papers were suitable for coding. 
 
3.1.2 Coded studies 
 
1. Ahmed, M.M., Abdel-Aty, M. & Park, J., 2015. Evaluation of the Safety Effectiveness of the 
Conversion of Two-Lane Roadways to Four-Lane Divided Roadways. In International symposium  
 
1 The difference in the queries is due to differences in restrictions to the query length between the two sources. 
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on Highway Geometric Design. pp. 41–49. Available at:  
http://trrjournalonline.trb.org/doi/abs/10.3141/2515-06. 
 
2. Bauer, K., Harwood, D., Hughes, W., & Richard, K. (2004). Safety effects of narrow lanes and 
shoulder-use lanes to increase capacity of urban freeways. Transportation Research Record: 
Journal of the Transportation Research Board, 1897, 71-80. 
 
3. Lewis-Evans, B., & Charlton, S.G. (2006). Explicit and implicit processes in 
behavioural adaptation to road width. Accident Analysis and Prevention, 38, 610–617. 
 
4. Lee, C., Abdel-Aty, M., Park, J., & Wang, J. H. (2015). Development of crash modification 
factors for changing lane width on roadway segments using generalized nonlinear models. 
Accident Analysis & Prevention, 76, 83-91 
 
5. Wu, H. et al., 2015. Empirical Bayes Before–After Study on Safety Effect of Narrow Pavement 
Widening Projects in Texas. Transportation Research Record: Journal of the Transportation 
Research Board, (2515), p.pp 63–69. Available at: http://dx.doi.org/10.3141/2515-09. 
 
6. Yanmaz-Tuzel, O. & Ozbay, K., 2010. A comparative Full Bayesian before-and-after analysis and 
application to urban road safety countermeasures in New Jersey. Accident Analysis & 
Prevention, 42(6), pp.2099–2107. Available at: http://www.scopus.com/inward/record.url?eid=2-
s2.0-78049385783{&}partnerID=40{&}md5=e1da4d40a728968cc98bbdf529fd7fee.  
 
3.1.3 Not coded selected studies 
 
Baker, L., 2007. Every avenue explored. Surveyor, 14–16. Available at: 
https://trid.trb.org/view/820578. 
 
7. Cleaver, S., Jurisich, I. & Dunn, R., 2006. Safety Implications of Flush Medians in Auckland City. 
In p. 16p. Available at: http://arrbknowledge.com. 
 
8. Dijksterhuis, C., Brookhuis A, K. & de Waard, D., 2011. Effects of steering demand on lane 
keeping behaviour, self-reports, and physiology. A simulator study. Accident Analysis {&} 
Prevention, 43, 1074–1081. Available at: http://www.sciencedirect.com/science/article/B6V5S-
51V306F-5/2/cc655be225aa8a78fc1f3133a62c72e2. 
 
9. Hartgen T, D., 1999. The Istea legacy: comparative performance of state highway systems: 1984- 
1997, Available at: https://trid.trb.org/view/502467. 
 
10. Hartgen T, D. & Lindeman J, N., 2000. TEA-21’S Promise: comparative performance of state  
highway systems, 1984-1998. Ninth Annual Report, Available at: https://trid.trb.org/view/648288. 
 
11. Harwood W, D., 1990. Effective utilization of street width on urban arterials. NCHRP Report, 
(330, p.55 p. Available at: https://trid.trb.org/view/312924. 
 
12. Kotze, H. & Van Nickerk, A., 2005. Innovative engineering solutions at Sanral. Civil 
Engineering/Siviele Ingenieurswese, 13(6), 32–34. Available at: 
http://www.scopus.com/inward/record.url?eid=2-s2.0-
22744459741&partnerID=40&md5=b5e45ca28419a9f8d5a6ec24838c83d8. 
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13. McKnight S, A., McKnight J, A. & Tippetts S, A., 1998. The effect of line width and contrast upon 
lane keeping. Accident Analysis {&} Prevention, 30, 617–624. Available at: 
https://trid.trb.org/view/539117. 
 
14. Nyber, J., Laine, M. & Rajamaki, R., 2011. Traffic safety effects of wide central area markings. 
Liikenneviraston Tutkimuksia ja Selvityksi{ä}, Research Reports of the Finnish Transport Agency, 
2011(60), p.51p. Available at: http://www2.liikennevirasto.fi/julkaisut/pdf3/lts{_}2011-
60{_}levean{_}keskialueen{_}web.pdf. 
 
15. Render, M., 2007. Designing Streets for Enhanced Transit Service: The Jerusalem Experience. In 
p. 26p. Available at: https://trid.trb.org/view/850997. 
 
16. Rogness, R.O., Fambro, D.B. & Turner, D.S., 1982. Before-after accident analysis for shoulder 
upgrading alternatives. In Transportation Research Record. Transportation Research Board, p. pp 
41–47. Available at: http://scholar.google.com/scholar_lookup?title=BEFORE-
AFTER+ACCIDENT+ANALYSIS+FOR+TWO+SHOULDER+UPGRADING+ALTERNATIVES&autho 
r=R.+Rogness&author=D.+Fambro&author=D.+Turner&publication_year=1982. 
 
17. Rohloff, M., 2000. Re-use of hard shoulders at federal motorways. In pp. p. 254–266. 
Available at: https://trid.trb.org/view/656896. 
 
18. Schandersson, R., 1982. The traffic safety effect of minor improvements in horizontal road 
curves. VTI MEDDELANDE, 298, p.31 p. Available at: https://trid.trb.org/view/188745. 
 
19. Sharma, S., 2015. Transportation Programming for Identifying Optimal Locations for Creating 
New Lanes by Reducing Lane and Shoulder Width. In p. 19p. Available at: 
https://trid.trb.org/view/1338834. 
 
20. Sharma, S., 2016. Optimal Decision Making for Road Space Management Strategies. In p. 
20p. Available at: https://trid.trb.org/view/1393853. 
 
21. Srikanth, K.N. et al., 1993. The automation of freeway ramp junctions analysis. In Proceedings of 
the 5th International Conference on Computing in Civil and Building Engineering - V-ICCCBE. JHK & 
Assoc, Alexandria, United States: Publ by ASCE, pp. 197–200. Available at: 
http://www.scopus.com/inward/record.url?eid=2-s2.0-
0027148284&partnerID=40&md5=7ecf6965225e9896baee2e5f5937d00d.  
 
3.2 DESCRIPTION CODED STUDIES 
 
Table 8 presents background characteristics of coded studies. 
 
 
Table 8: Background characteristics of coded studies 
 
 
Author, 
  
Study type 
  
Data/measurement 
  
Analysis 
 
 
        
 
 Year,           
 
 Country           
 
            
 
            
 
Bauer, 2004,  An observational before-and-after  The treatment sites are roadway  The EB technique uses the following 
 
USA  evaluation with the empirical  segments, in one direction of  approach for quantifying and assessing 
 
    Bayes method was done to  travel on an urban freeway in  the significance of the before-to-after 
 
    examine the safety effects of  which an additional freeway lane  change in accident frequencies: 
 
    projects involving narrower lanes  was added. The evaluation  1. Obtain data for the observed accident 
 
    or shoulder conversions on existing  included a total 78.7 km (48.9 mi)  frequency on each treatment site during 
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 Author, 
  
Study type 
  
Data/measurement 
  
Analysis 
 
 
        
 
 Year,           
 
 Country           
 
            
 
            
 
    urban freeways in California with  of treatment sites, located on 4  the before and after periods. 
 
    four or five lanes in one direction of  freeway routes in Los Angeles and  2. By using the reference group data for 
 
    travel.  San Diego Counties. For analysis  the entire period during which data are 
 
       purposes, the treatments were  available, develop SPFs that model 
 
       divided into 124 sites that were  accident frequencies as a function of site 
 
       homogeneous for conversion type  parameters (e.g., traffic volumes 
 
       and traffic volume; the  and site geometrics). This is generally 
 
       homogeneous sites had an average  done by means of negative binomial 
 
       length of 0.63 km (0.39 mi). The  regression analysis. 
 
       annual average daily traffic (AADT)  3. Estimate the predicted accident 
 
       volumes of the treatment sites  frequency at each treated site during the 
 
       ranged from 77,000 to 128,000  before period by using the SPF 
 
       vehicles per day in one direction of  developed for that type of site. 
 
       travel. The treatment sites  4. Compute a weighted average of the 
 
       included two basic project types:  predicted and observed accident 
 
       four-to-five lane conversions and  frequencies at each treated site during 
 
       five-to-six-lane conversions. There  the before period. This accident 
 
       were a total of 79 four-to-five-lane  frequency is referred to as the EB- 
 
       conversion sites and 45 five-to-six-  adjusted expected accident frequency. 
 
       lane conversion sites.  5. By using the EB-adjusted expected 
 
          accident frequency at each site during 
 
       Reference sites were urban  the before period, make an estimate of 
 
       freeway sites that were not  the expected accident frequency at each 
 
       improved during the study period.  treated site during the after period had 
 
       The reference sites were used to  no change been made. This step of the 
 
       develop safety performance  analysis accounts for changes in 
 
       functions (SPFs) for urban  traffic volumes between the before and 
 
       freeways that were used to  after periods. 
 
       estimate how accident frequencies  6. Compare the observed after accident 
 
       on the treatment sites would have  frequencies at the treated 
 
       changed had there been no  sites to the expected after accident 
 
       treatments.  frequencies at the treated sites had 
 
          the change not been made. The 
 
          difference between these observed and 
 
          expected accident frequencies is an 
 
          estimate of the safety effectiveness 
 
          of the treatment. 
 
       
 
Lewis-Evans,  A driving simulating experiment  49 participants (18-53 yrs.; average  Four simulated roads were created for 
 
2006, New  was done to assess behavioural  age of 23.78; SD 8.34.) with an  the study. The first road was a practice 
 
Zealand  adaptation in drivers’ speed and  unrestricted drivers licence, 25  road 20 km long, consisting of an open 
 
    lateral displacement in response to  men and 24 women, took part in  speed rural road (typically 100 km/h), 
 
    manipulations of road width.  the experiment.  with little oncoming traffic and four side 
 
          roads. The 3 experimental roads were 
 
          identical in terms of their geometry, with 
 
          the exception of their width which during 
 
          the middle 20 km of the road was 
 
          changed to be wider, narrower, or kept 
 
          the same as the initial road section. For 
 
          one road (Control road), the lane width 
 
          stayed 3.6 metres throughout all driving 
 
          sections (and verge width stayed 1.7 m). 
 
          For roads 2, 3 (Narrow, Wide roads), lane 
 
          widths were changed from 3.6 to 3 m, 4.6 
 
          m during respectively (and verge widths 
 
          changed from 1.7 to 1.3 m, 1.7 to 2.2 m, 
 
          respectively). 
 
      
 
Gross, 2009, This study examined whether it is  The basic concept of the case-  A series of models were estimated for 
 
USA  safer to increase lane width or  control method is to identify  the most common pavement widths 
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 Author, 
  
Study type 
  
Data/measurement 
  
Analysis 
 
 
        
 
 Year,           
 
 Country           
 
            
 
            
 
    
increase shoulder width given a 
 
samples of cases and controls for a 
 
from 26 ft to 36 ft. The 36-ft total width 
 
      
 
    fixed total width. A case-control  given outcome and compare the  with 12-ft lanes and 6-ft shoulders was 
 
    approach was applied to evaluate  prevalence of risk factors between  selected as the baseline and all odds 
 
    the safety effectiveness of various  the two groups. The most  ratios are in relation to this baseline. The 
 
    lane–shoulder configurations.  important step is defining the  odds ratio represents the expected 
 
       cases and controls. For this study,  percent increase or decrease in the odds 
 
       cases are defined as road segments  of a crash compared to the baseline. All 
 
       that experience at least one crash  models matched cases and controls by 
 
       during a particular year and  segment length and AADT. Additional 
 
       controls are drawn from segments  covariates were included in the models 
 
       not experiencing a crash during the  based on available data and are 
 
       same year.  discussed individually for each state 
 
       Geometric, traffic, and crash data    
 
       were obtained for over 44,500 mi    
 
       of roadway in Pennsylvania from    
 
       1997 to 2001. The data were    
 
       obtained from the Pennsylvania    
 
       Department of Transportation in    
 
       two parts: a crash inventory    
 
       database and a roadway inventory    
 
       file. Crash data were available for    
 
       each year of the study period;    
 
       however, only one geometric file    
 
       was available for the 5-year period    
 
       
 
Yanmaz-  The main interest of this study was  The only information about the  The tested statistical models 
 
Turkey 2010,  developing a method for  treatment ‘increase lane width’  included traditional, random effects, 
 
USA  application of Full Bayes approach  was that this intervention was used  non-hierarchical and hierarchical P-G 
 
    for before-and-after analysis road  on a 1.77 mile 2-lane urban arterial  (Poisson and Negative Binomial) and P- 
 
    safety measures. Different models  road.  LN (Poisson-Lognormal) distributions. 
 
    were applied to urban roads in New     Since different sites have different 
 
    Jersey to investigate the impacts of     accident risks due to traffic and location- 
 
    different treatment     specific characteristics and this trend 
 
    measures on the safety of “urban     may change over time, they are treated 
 
    collectors and arterial roads” with     in terms of time series cross-sectional 
 
    speed limits less than 45 mph.     panel data, and site-specific and time 
 
          effects are included in the model 
 
          structure via random effects models and 
 
          time-trend coefficients. 
 
       
 
Lee, 2015,  This study evaluates the  The road geometry data and crash  A generalised linear model (GLM) 
 
USA  effectiveness of changing lane  records for the roadway  described crash frequency in 
 
    width in reducing crashes on  segments in Florida, where lane  a function of explanatory variables 
 
    roadway segments. To study  width had not been changed for  including geometric characteristics, 
 
    nonlinear relationships between  3 years (2010–2012), were used in  AADT and length of roadway segments. 
 
    crash rate and lane width, the  this study. The data were  In the function equation, length and 
 
    study developed generalised  collected from multiple sources  AADT were control variables to identify 
 
    nonlinear models.     the isolated effect of the linear 
 
          predictor(s) on crash frequency. 
 
       
 
Wu, 2015,  22 narrow pavement widening  For each project, a minimum of 12  An EB method before–after analysis was 
 
USA, Texas  projects in Texas from 2004 to 2011  months of crash data was available  conducted on the basis of the results 
 
    were identified to study safety  for the before and the after period.  obtained from the regression analysis of 
 
    effects of pavement widening  A total of 1,585 roadway segments  the reference group. 
 
    treatment on farm-to-market (FM)  with characteristics similar to the    
 
    or ranch-to-market (RM) roads.  22 narrow pavement widening    
 
       projects were selected from the    
 
       Texas Road–Highway Inventory    
 
       Network database and served as    
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Study type 
   
Data/measurement 
   
Analysis 
  
 
            
 
 Year,               
 
 Country               
 
                
 
                
 
 
the reference group for the EB  
procedure. These reference 
roadway segments were all two-  
lane rural FM and RM roads with no 
shoulder, no median, and lane  
width ranging from 9 ft (2.7 m) to 
11 ft (3.4 m).  
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1  Summary 
 
 
 
 
Usami, D. S., April 2017 
 
1.1 COLOUR CODE 
 
Colour Code: Grey 
According to identified studies, the installation of medians may have a positive or negative effect on 
road safety. The installation of medians is found to reduce injury accidents, but not property 
damage only accidents. The effect is greatest for the most severe accidents (even if not 
significantly). The measure seems not to be effective at road intersections. 
 
1.2 KEYWORDS 
 
Keywords: raised median; median strip; central reservation; two-way left turn lane, head-
on accidents 
 
1.3 ABSTRACT 
 
A median is a physical separation between opposing traffic streams. Results of the studies focusing 
on the effects of the installation of median on road safety indicate that the installation of median 
appears to significantly reduce crash occurrence by 43% on two-way roads (intersections not 
included) and 24% on two-way roads with intersections. However, implementation of medians were 
significantly negatively effective at intersections. In addition, implementation of medians on two-
way roads of both rural and urban road segments is significantly associated to an 8% reduction in 
injury accidents. The installation of medians has been shown to reduce the number of accidents on 
road segments, with the greatest effect on the most severe accidents. The effect is greatest on 
control-access roads like motorways (roads with no at grade intersections). However, installation of 
medians at intersections are found to increase accidents. Unfavourable effects of median 
installation have been found in curves and when medians imply narrower lanes. In both cases, 
significant increases of accident numbers have been found (Elvik et al., 2009). Most research was 
carried out in the United States, Australia, Denmark, Norway, Germany and Malaysia. 
 
 
1.4 BACKGROUND 
 
 
1.4.1 What is a median? 
 
A median is a physical separation between opposing traffic streams. In this context, the installation 
of a median is intended as the implementation of a continuous raised median on an undivided 
roadway or as the replacement of a two-way left turn lane with a raised median. 
 
1.4.2 How does the installation of a median affect road safety? 
 
Medians are intended to increase the distance between the driving directions and to reduce the risk 
of drivers accidentally getting on the opposite lane. In addition, medians limit the opportunities to 
turn or cross the road outside of their openings. Installation of medians has been shown to reduce 
the number of road accidents on road segments, with the greatest effect on the most serious 
accidents. The effect is greatest on control-access roads like motorways (roads without level 
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intersections). By introducing a median, the distance between opposing traffic flows increases, 
which may result in a lower number of head-on collisions. Moreover, the possibility of left turns is 
removed from through travel lanes and they can also serve as a pedestrian refuge. Installation of 
medians without a barrier may however also increase the number of pedestrian crossings and 
thereby increase the total number of pedestrian accidents (Zegeer, Stewart, Huang and Lagerwey 
2002). Medians seem to change the distribution of accidents by type. Gabler, Gabauer and Bowen 
(2005) (in Elvik et al., (2009)) found reduced numbers of head-on collisions, but increased number of 
less severe accidents. Another study found reduced numbers of side impacts and increased numbers 
of rear-end collisions (Saito, Cox and Jin 2005). They also reduce passing opportunities. 
 
 
 
1.4.3 Which safety outcomes are affected by the installation of a median? 
 
In the international literature, the effect of the implementation of medians on road safety has been 
measured using as outcome accident frequency (number of accidents occurred). 
 
1.4.4 How is the effect of the installation of a median studied? 
 
International literature indicates that the effect of the installation of a median is usually examined by 
comparing the frequency of accidents (crash count) on roads with and without medians through 
before-after studies. The effects have been studied on two-way road segments and at road 
intersections, in urban and rural areas. Moreover, the conversion from a previous tranversable 
median to a raised median has been investigated. 
 
 
 
1.4.5 Which factors influence the effect of the installation of a median on road safety? 
 
Different road classes are usually designed with different standards (number of lanes, road width, 
curve radius, etc.) and equipped with different median types (e.g. grass medians, jersey barriers, and 
guard rails are more common on faster roads). This means that road classification may also influence 
the effect of installation of medians on the number and type of crashes. On roads with access 
control, where entrances and exits to the road are provided by ramps and at interchanges, a higher 
accident reduction is observed than at other roads, since there are no level intersections on this type 
of road. Medians without a barrier may however also increase the number of pedestrian crossings 
and thereby increase the total number of pedestrian accidents (Zegeer, Stewart, Huang and 
Lagerwey 2002 in Elvik et al. 2009). Unfavourable effects of medians have been found in curves and 
when medians imply narrower lanes. In both cases, significant increases of accident numbers have 
been found (Elvik et al., 2009). 
 
1.5 OVERVIEW RESULTS 
 
 
1.5.1 Main results 
 
According to results in the meta-analysis found, the implementation of a median generally improves 
road safety. Comparing medians to two-way left-turn lanes, medians are associated with crash 
reduction. However, medians at intersections are found to increase accidents. More specifically, the 
implementation of medians appears to significantly reduce crash occurrence by 43% on two-way 
roads (intersections not included) and 24% on two-way roads with intersections. Moreover, 
implementation of medians on two-way roads of both rural and urban road segments is significantly 
associated to 8% reduction of injury accidents. However, implementation of medians were 
significantly negatively effective at intersections (Høye, 2014). 
 
 
SafetyCube | Synopsis on Median / barrier treatments - installation of median | WP5 3 
4 
 
 
 
 
 
1.5.2 Transferability 
 
Overall, since a meta-analysis including 29 studies was found, the topic has been studied to a 
sufficient extent. Most research was carried out in the United States, Australia, Denmark, Norway, 
Germany and Malaysia. 
 
1.6 NOTES ON ANALYSIS METHODS 
 
This synopsis is mainly based on a meta-analysis study. The studies included in the meta-analysis are 
from the the United States, Australia, Denmark, Norway, Germany and Malaysia. Most of the 
included studies have compared crash count on roads with and without medians. Most included 
studies do not specify whether accidents at intersections are included or not. The results are based 
on different types of studies from a range of years. Neither age of study nor study design were found 
to affect the results and those do not appear to be affected by publication bias. 
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2  Scientific overview 
 
 
 
 
 
 
 
2.1 LITERATURE REVIEW 
 
 
2.1.1 Analysis of study designs and methods. 
 
Results are mostly based on a meta-analysis carried out in 2014. According to the literature search 
results it seems that there is a lack of research on medians from 2014. 29 studies were considered in 
the meta-analysis by Høye, 2014. Research has been carried out in the United States, Australia, 
Denmark, Norway, Germany and Malaysia. 
 
Most of the studies compared the frequency of accidents on roads equipped with a raised median 
with the frequency of accidents on undivided roads. Most included studies do not specify whether 
accidents at intersections are included or not. The results are based on several types of studies from 
many different years. Neither type of study nor how old they have been seem to affect the results. 
Further, the latter do not seem to be affected by publication bias. 
 
Table 1 illustrates an overview of the main aspects of the coded study (sample, method and 
outcome). 
 
Table 1 Description of coded studies 
 
Author(s), 
  
Sample and study design 
  
Method of analysis 
  
Outcome indicator 
  
 
         
 
 Year , Country            
 
             
 
             
 
Høye, A., 2014,  29 studies based on a before-after or case-control  Meta-analysis. Random  Number of accident  
 
Norway  design.  effects     
 
             
 
 
 
 
2.1.2 Study results 
 
The studies included in the meta-analysis show that the installation of medians has a significant 
positive effect on road safety which is associated with 43% reduction of crashes on two-way roads 
(intersections not included) and 24% reduction on two-way roads with intersections. Results can be 
differentiated according to the target accident and the specific context examined. 
 
Raised Median on road segments: Installation of median barrier curbs on routes that would 
otherwise not have middle parts appear to reduce the number of injury accidents but not the 
number of property damage accidents. The effect seems to be bigger for the most serious accidents. 
Many studies have not indicated whether accidents at intersections are included in the data or not. 
 
Raised Median on road intersections: Implementing raised medians at road intersections in which at 
least one of the roads has a median seems to be less effective than on road segments. At road 
intersections, the results show that in some cases the installation of medians increases the number 
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of accidents, mostly in rural areas. The results are not statistically significant, but show the same 
effect as the results for the conversion of a two-way left turn lane to a median. This could be 
explained by the fact that intersections with medians are generally larger and more confusing than 
intersections without medians.  
Area and type of road: On roads without access control (i.e. road with level intersections) accident 
reductions were only found in urban areas, but not in rural areas. On roads with access control (i.e. 
roadways where entrances and exits to the road are provided at interchanges by ramps without level 
intersections or junctions) a higher accident reduction than on other roads was found, which 
possibly can be explained by the fact that there are no level intersections on this type of roads (e.g. 
motorways). 
 
From Two-way left-turn lane to raised median: The conversion of two-way left-turn lanes to raised 
medians is associated with a 43% reduction in the number of accidents. However, installation of 
medians at intersections are found to increase accidents by 50%. Generally speaking, 
implementation of medians is associated to 24% reduction of crash counts for all accidents. 
 
 
 
2.1.3. Description of analysis carried out 
 
Review-type analysis 
 
Considering the number of studies with the relevant estimates it was decided that neither a meta-
analysis nor a vote-count analysis could be conducted. Hence, a review-type analysis was chosen.  
 
The results above present a positive or negative effect of implementation of medians. It can be 
summarised that the implementation of medians leads mainly to significant positive effects. At the 
same time and under certain conditions the implementation of medians showed significant negative 
or not significant effects. 
 
Hence, on the basis of both study and effect numbers, it can be argued that the implementation of 
medians has an unclear effect on road safety. Results are based on a meta-analysis and show that the 
implementation of medians decreases road safety risk. However, due to the presence of negative 
effects too, a grey colour code was assigned.  
 
 
 
2.2. CONCLUSION 
 
Studies on the effect of installation of medians on road safety identified in the international literature 
mainly focus on accident frequency.  
 
The studies identified indicate that the installation of medians is associated with a statistically 
significant reduction in crash occurrence.  
 
In the final analysis, the effects of installation of medians is somewhat unclear as emphasised by the 
findings of the meta-analysis. 
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3  Supporting document 
 
 
 
 
 
3.1 METHODOLOGY 
 
3.1.1 Literature Search strategy 
 
 
The literature search was conducted in January-March 2017. The search strategy aimed at 
identifying the best quality and recent studies to estimate the effectiveness of median related 
treatments, thus considering not only median implementation but also the type of median, median 
barrier and increasing median width. During the screening phase the search focused on installation 
of median treatments. 
 
A meta-analysis carried out in 2014 is available in The Handbook of Road Safety Measures (online 
version). As this meta-analysis is available, only recent journal studies (after 2014) in the field of 
Engineering and Social science were considered from “Scopus” and “TRID” database. No “grey” 
literature was examined. 
 
Search terms used to identify relevant papers included, but were not limited to: “median”, “central 
reservation”, “median strip”. Detailed search terms, as well as their linkage with logical operators 
and combined queries are shown in Tables 2 and 3. A total of 56 pieces of potentially eligible studies 
were identified (Table 4). After a preliminary abstract screening text, no studies were found to be 
eligible to the topic (Table 5). 
 
 
Table 2 Literature search strategy (Scopus database) - Date: 3rd January 2017 
search no. search terms / operators / combined queries hits 
#1 (“road median*“ OR “median*“ OR “central reservation*“ OR “median 45 
 strip*“ OR “neutral ground” OR “central nature strip*” OR “raised  
 center median”) W/1 (" " OR "barrier" OR "guardrail") AND ("effect*" OR  
 "evaluation" OR “impact*”) AND (“safety”) AND DOCTYPE ( ar OR re )  
 AND PUBYEAR > 2014 AND SRCTYPE ( j ) AND LANGUAGE ( english )  
 AND SUBJAREA ( engi OR soci)  
#2 (“casualt*” OR “fatalit*” OR “accident*” OR “crash*” OR “collision*” OR 44,314 
 “injur*”) AND DOCTYPE ( ar OR re ) AND PUBYEAR > 2014 AND  
 SRCTYPE ( j ) AND LANGUAGE ( english ) AND SUBJAREA ( engi OR  
 soci)  
#3 #1 AND #2 43 
Table 3 Literature search strategy (TRID database)- Date: 3rd January 2017  
search no. search terms / operators / combined queries hits 
#1 (“road median*“ OR “median*“ OR “central reservation*“ OR “median 13* 
 strip*“ OR “neutral ground” OR “central nature strip*” OR “raised  
 center median”) AND effect AND evaluation  
*Results limited to studies published from 2014 
 
Table 4 Results Literature Search 
Database Hits 
Scopus (remaining papers after several limitations/exclusions) 43 
TRID 13 
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Grey literature  - 
Total number of studies to screen title/ abstract  56 
Table 5 Screening results   
Total number of studies to screen title/ abstract 56  
-De-duplication 0  
-exclusion criteria A (part of a meta-analysis) 2  
-exclusion criteria B (no risk / no measure) 48  
-exclusion criteria C (no median installation evaluation) 6  
Remaining studies 0  
Not clear (full-text is needed) -  
Eligible papers 0  
   
 
3.1.2 Analysis of study designs and methods 
 
The large amount of studies included in the meta-analysis indicates that the topic has been 
thoroughly investigated. The results are based on several types of studies from a range of years. 
Most of the included studies have compared risk of accident on roads with and without medians. 
Most included studies do not specify whether accidents at intersections are included or not. 
 
Table 6 presents information on the main outcomes of coded studies on installation of medians. 
 
Table 6 Main outcomes of coded studies on installation of medians. 
 
 
Author, 
   
Study 
       
 
           
 
 Year,  Exposure  Type  Outcome variable / Outcome Effects for road  Main outcome -  
 
 Country  variable    type safety*  description  
 
             
 
             
 
Høye., 2014 Raised  Meta- Severe injury accidents - Two-way - -22% (-46;15)  Non-significant effect  
 
Interanational median  analysis roads    on road safety  
 
            
 
   Raised  Meta- Injury accidents - Two-way roads ↘ -8% (-15;-1)  Significant positive  
 
   median  analysis     effect on road safety  
 
            
 
   Raised  Meta- Damage only accidents - Two-way - -2% (-25;27)  Non-significant effect  
 
   median  analysis roads    on road safety  
 
            
 
   Raised  Meta- All severities accidents - Two-way - -8% (-15;1)  Non-significant effect  
 
   median  analysis roads    on road safety  
 
            
 
   Raised  Meta- All severities accidents – Intersections - 8% (-53;148)  Non-significant effect  
 
   median  analysis in rural area    on road safety  
 
            
 
   Raised  Meta- All severities accidents - Intersections - 74% (-7;226)  Non-significant effect  
 
   median  analysis in urban area    on road safety  
 
            
 
   Raised  Meta- Injury accidents - Two-way rural roads - 1% (-24;36)  Non-significant effect  
 
   median  analysis     on road safety  
 
            
 
   Raised  Meta- All severity accidents - Two-way rural - 4% (-19;34)  Non-significant effect  
 
   median  analysis roads    on road safety  
 
            
 
   Raised  Meta- Injury accidents - Two-way urban - -19% (-34;0)  Non-significant effect  
 
   median  analysis roads    on road safety  
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Author, 
     
Study 
         
 
                
 
  Year,   Exposure   Type   Outcome variable / Outcome  Effects for road  Main outcome -  
 
 Country   variable     type  safety*  description  
 
                  
 
                  
 
    Raised  Meta-  All severity accidents - Two-way urban - -7% (-18;6)  Non-significant effect  
 
     median   analysis  roads     on road safety  
 
                 
 
    Raised  Meta-  All severity accidents - Two-way roads  ↘ -14% (-25;-1)  Significant positive  
 
     median   analysis  with access control     effect on road safety  
 
                 
 
    From Two-  Meta-  All severity accidents - Two-way roads  ↘ -43% (-51;-34)  Significant positive  
 
     way left-turn   analysis       effect on road safety  
 
     lane to             
 
     Raised             
 
     median             
 
                 
 
    From Two-  Meta-  All severity accidents – Intersections  ↗ 50% (11;103)  Significant negative  
 
     way left-turn   analysis       effect on road safety  
 
     lane to             
 
     Raised             
 
     median             
 
                 
 
    From Two-  Meta-  All severity accidents - Two-way roads  ↘ -24% (-31;-17)  Significant positive  
 
     way left-turn   analysis  and Intersections     effect on road safety  
 
     lane to             
 
     Raised             
 
     median             
  
*Significant effects on road safety are coded as: positive (↘), negative (↗) or non-significant ( ) 
 
 
 
 
3.2 LIST OF STUDIES 
 
 
3.2.1 Meta-analyses 
 
 
Høye, A., (2014): The Handbook of Road Safety Measures, Norwegian (online) version. Chapter 1.21. 
http://tsh.toi.no/index.html?146863 
 
The following studies were concluded in the Meta-analysis: 
 
 
Alluri, P., Gan, A., Haleem, K., Miranda, S., Echezabal, E., Diaz, A., & Ding, S. Before-and-after safety 
study of roadways where new medians have been added. Final Report. 2012Lehman Center 
for Transportation Research, Florida International University, Miami, FL and Research 
Center, State of Florida Department of Transportation, Tallahasse, FL. 
 
Andersen, K. B. Uheldsmønsteret på almindelige 4-sporede veje.1977 RfT-rapport 20. Rådet for 
Trafiksikkerhedsforskning (RfT), København. 
 
Banks, D. A., Grubb, P. E., McIlveen, A., & Vincent, G. A. Replacing a two-way left turn lane with a 
raised center median on a major commercial strip.1993 The cambridge experience. Ontario. 
 
 
 
 
 
SafetyCube | Synopsis on Median / barrier treatments - installation of median | WP5 
9
 
10 
 
 
 
Blakstad, F. & Giæver, T. Ulykkesfrekvenser på vegstrekninger i tett og middels tett 
bebyggelse.1989 Rapport STF63 A89005. SINTEF Samferdselsteknikk, Trondheim. 
 
Bonneson, J. A. & McCoy, P. T. Effect of median treatment on urban arterial safety: an accident 
prediction model.1997 Paper 970101. Transportation Research Board, 76th Annual Meeting, 
January 12-16, 1997, Washington DC. 
 
Bowman, B. L. & Vecellio, R. L. Effect of urban and suburban median types on both vehicular and 
pedestrian safety.1994 Transportation Research Record, 1445, 169-179. 
 
Bretherton, W. M. Are Raised Medians Safer Than Two-Way Left-Turn Lanes? 1994ITE-Journal, 
December 1994, 20-25. 
 
Bretherton, W. M., Womble, J. E., Parsonson, P. S., & Black, G. One suburban county's policy for 
selecting median treatments for arterials.1990. In Institute of Transportation Engineers 
Annual Meeting, 60th, Orlando, Florida, USA. 
 
Brown, H., & Tarko, A. Effects of access control on safety of urban arterial streets. 1999 
Transportation Research Record 1665, 68-74. 
 
Hallenbeck, M. E., Briglia Jr, P. M., Howard, Z. N., & St Martin, A. In-service evaluation of major 
urban arterials with landscaped medians-phase iii.2013 Report WA-RD 636.3. Washington 
State Transportation Center (TRAC), University of Washington. Seattle, Washington.  
 
Harwood, D. W. Multilane Design Alternatives for Improving Suburban Highways.1986 National 
Cooperative Highway research Program Report 282. National Research Council, 
Transportation Research Board, Washington DC. 
 
Hosseinpour, M., Yahaya, A. S., & Sadullah, A. F. Exploring the effects of roadway characteristics on 
the frequency and severity of head-on crashes: Case studies from Malaysian federal 
roads.2014 Accident Analysis & Prevention, 62, 209-222. 
 
Jiang, X., Yan, X., Huang, B., & Richards, S. H. Influence of curbs on traffic crash frequency on high-
speed roadways.2011 Traffic Injury Prevention, 12(4), 412-421. 
 
Jonsson, T., Ivan, J. N., & Zhang, C. Crash prediction models for intersections on rural multilane 
highways: Differences by collision type.2007 Transportation Research Record, 2019, 91-98. 
 
Kihlberg, J.K. & Tharp, K. J. Accident rates as related to design elements of rural highways.1968 
National Cooperative Highway Research Program Report 47. Highway Research Board, 
Washington DC. 
 
Köhler, U. & R. Schwamb. Erweiterung und Verifizierung des Modells zur Abschätzung des 
Unfallgeschehens und der Unfallkosten auf Innerörtlichen Netzelementen. 
Schlussbericht.1993 Forschungsbericht FE-Nr. 70186/88. Ingenieursozietät BGS. Frankfurt 
am Main. 
 
Leong, H. J. W. Effect of kerbed raised median strips on accident rates of urban roads.1970 ARRB 
Proceedings, 1970, Vol. 5, 338-364. 
 
Lewis, J. S. Assessing the safety impacts of access management techniques.2006 Department of 
Civil and Environmental Engineering. Brigham Young University 
 
 
SafetyCube | Synopsis on Median / barrier treatments - installation of median | WP5 
10
 
11 
 
 
 
 
Mauga, T. Analysis and evaluation of safety impacts of median types and midblock left turn 
treatments for urban arterials.2010 Dissertation. University of Nevada, Las Vegas. 
 
Muskaug, R. Risiko på norske riksveger. En analyse av risikoen for trafikkulykker med personskade 
på riks- og europaveger utenfor Oslo. avhengig av vegbredde, fartsgrense, trafikkmengde 
og avkjørselstettet.1985 TØI-rapport. Transportøkonomisk institutt, Oslo. 
 
Oregon Department of Transportation Medians.1996 Salem, Oregon: Discussion Paper No. 4. 
 
Parsons, O. Medians versus two-way left turn lanes. The Georgia experience.1996 Transportation 
Research Board, Jan. 8, 1996. 
 
Saito, M., Cox, D.D. & Jin, T.G. Evaluation of four recent traffic and safety initiatives, Vol. II: 
Developing a procedure for evaluating the need for raised medians.2005 Utah Department 
of Transportation Research and Development Division: Final Report. 
 
 
Sawalha, Z., & Sayed, T. Evaluating safety of urban arterial roadways.2001 Journal of Transportation 
Engineering, 127(2), 151-158. 
 
Schultz, G. G., Thurgood, D. J., Olsen, A. N., & Reese, C. S. Transportation safety data and 
analysis.2010 Volume 1: Analyzing the effectiveness of safety measures using Bayesian 
methods. 
 
Squires, C. A. & P. S. Parsonson. Accident Comparison of Raised Median and Two-Way Left-Turn 
Lane Median Treatments.1989 Transportation Research Record, 1239, 30-40. 
 
Stephan, K., & Newstead, S. Towards safer urban roads and roadsides: Factors affecting crash risk in 
complex urban environments.2012 Paper presented at the Australasian Road Safety 
Research Policing Education Conference, 2012, Wellington, New Zealand. 
 
Strathman, J.G., Duecker, K.J., Zhang, J. & Williams, T. Analysis of design attributes and crashes on 
the Oregon highway system.2001 Oregon: Center for Urban Studies, Portland State 
University, Report SPER 312. 
 
Thorson, O. & I. Mouritsen. Den koordinerede uheldsstatistik 1962-1966. En analyse af 38.000 uheld 
på de danske hovedlandeveje og landeveje.1971 RfT-rapport 6. Rådet for 
Trafiksikkerhedsforskning (RfT), København. 
 
3.3 REFERENCES ON FURTHER BACKGROUND INFORMATION 
 
Elvik, R.; Høye, A.; Vaa, T.; Sørensen, M. (2009): The Handbook of Road Safety Measures. Second 
edition. Emerald Group. Bingley 
 
 
 
 
 
 
 
 
 
 
 
 
 
SafetyCube | Synopsis on Median / barrier treatments - installation of median | WP5 11 
Synopsis 22: Increase median width 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SafetyCube | Synopsis on Median / barrier treatments - Increase median width | WP5 1 
1 Summary 
 
 
 
 
 
Ammari, Aya, April 2017 
 
1.1 COLOUR CODE: LIGHT GREEN 
 
Increased median width has a positive effect on road safety especially at two-way road sections both 
in urban and rural area. However, an increase in median width seems to be ineffective at 
intersections, while it is effective on road segments. 
 
 
Keywords: median, median width, central reservation, increase median width, accident severity 
 
1.2 ABSTRACT 
 
Median width is defined as the width of the portion of road separating the travelled ways for traffic 
in opposite directions (including the inside shoulder). Overall, since 1 study and a meta-analysis 
including several studies were found, the topic has been studied to a sufficient extent. The effect of 
median width has been measured through accident frequency. Roads with wider medians in general 
have fewer accidents than roads with narrower medians. At road segments, this effect is small but 
significant. The effect in intersections is larger, but not statistically significant. Intersections with 
wide medians (wider than 2 m) have more accidents than intersections with medians lower than 2 
meters. Increasing the median width appears to reduce the number of car accidents as well as the 
number of bicycle accidents at two way roads on urban and rural roads. All the research was carried 
out in the United States with one European Study (meta-analysis) found based on several studies. 
 
1.3 BACKGROUND 
 
1.3.1 What is increasing median width? 
 
A median is a paved or landscaped area in the middle of roadways that separate traffic travelling in 
opposite directions. Median width is defined as the width of the portion of road separating the 
travelled ways (including the inside shoulder),thus increasing median width means increasing the 
distance between the travelled ways. 
 
1.3.2 How does increase median width affect road safety? 
 
Increasing the median width may reduce the probability of incidents involving left-turning traffic 
crossing the median , thus affecting the risk of head-on crashes and crossover crashes. Furthermore, 
medians minimise the number of potential conflict points. A wider median can also be beneficial for 
pedestrians, by reducing the crossing distance and providing more space for pedestrians to cross the 
road safely. Other effects are questionable, because increasing median width may increase the 
number of (some types of) accidents. For instance, a study found that median-related crashes 
increase as the median width increases with a peak at about (9 metres) (Nikiforos & Stamadiatis., 
2009). In addition, median-related crashes may increase due to the drivers’ opportunities to stop 
their vehicles in the median (Neuman et al, 2003). Accident location (along a road or at an 
intersection) may influence the effect of widening medians. Medians could be equipped with 
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different facilities like: jersey barriers, guard rails, cable barriers. Increasing the width of medians 
with safety barriers may affect differently the number and type of crashes. 
 
1.3.3 Which safety outcomes are affected by increasing median width? 
 
In the international literature, the effect of widening medians on road safety is measured using 
accident frequency, considering different accident severity levels. 
 
1.3.4 How is the effect of increasing median width studied? 
 
International literature indicated that the effect of increasing median width is usually evaluated by 
before-after studies and cross sectional studies.  
 
1.4 OVERVIEW RESULTS 
 
1.4.1 Main results 
 
According to the results, both positive and negative effects are observed by increasing a median 
width. Based on the meta-analysis, increasing by 1 m the median width leads to a limited but 
significant reduction in the number of crashes (-1%) on road segment. Intersections with wide 
medians (wider than 2 m) have more accidents than intersections with medians lower than 2 metres. 
 
1.4.2 Transferability 
 
Overall, since 1 study and a meta-analysis including several studies were found, the topic has been 
studied to a sufficient extent. All the research was carried out in the United States with one European 
study (meta-analysis) found based on several studies. The large amount of studies included in the 
meta-analysis indicate that the topic has been thoroughly investigated. 
 
 
 
1.5 NOTES ON ANALYSIS METHODS 
 
In general, the coded studies are of sufficient quality and are methodologically sound. The synopsis is 
mainly based on a meta-analysis study. The studies included in the meta-analysis are from the US and 
Australia. Most of the included studies have compared the types of accident severities with 
increased/decreased median width. The results are based on diverse types of studies. 
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2 Scientific overview 
 
 
 
 
 
2.1 LITERATURE REVIEW 
 
 
The study was about increasing median width in rural and urban areas for only two road segments, 
two way roads and intersections. The intersections seem to be safer than the two way roads.  
 
2.1.1 Analysis of study designs and methods 
 
Results are mostly based on a meta-analysis carried out in 2014. 11 studies were considered in the 
meta-analysis by Høye, 2014. Besides the meta-analysis, a before-after study from the US (Park et al., 
2016) has been considered. 
 
Most of the included studies have compared the types of accident severities with 
increased/decreased median width. The results are based on different types of studies. No genders 
and ages were included in the studies. The included studies take into account accidents at 
intersections and along a road section. The results do not seem to be affected by publication bias. 
 
Table 1 illustrates an overview of the main aspects of coded studies (sample, method and outcome). 
 
Table 1 Description of coded studies 
 
 
Author(s), 
  
Sample and study design 
  
Method of analysis 
  
Outcome indicator 
 
 
        
 
 Year , Country           
 
            
 
            
 
Høye, A., 2014,  Meta-analysis based on 11 studies (before-after or  Percent change in  Number of accidents 
 
Norway  case-control design).  accidents, from random    
 
       effects meta-analysis    
 
       
 
Park et al., 2016,,  2-lane: 928 sites, 4-lane: 3188 sites, 6-lane: 2176  Cross-sectional method  Accident frequency 
 
USA  sites, 8-lane: 128 sites,5- years of crash records in     (KABCO) 
 
    Florida       
 
            
 
 
 
2.1.2 Study results 
 
The studies included in the meta-analysis as well as the before and after study show that widening 
medians have both positive and negative effects on road safety; an accident decrease is found when 
widening medians at road sections, while an increase is found at road intersections. Results can be 
differentiated according to the target accident and the specific context examined. 
 
Increase median width at road intersection: Based on the meta-analysis results, increasing the width 
of the median by 1 metre at road intersections has a not statistically significant effect on road safety. 
However, widening medians at intersections from a width of less than 2 metres to more than 2 
metres seems to significantly increase the number of accidents by about 21%. However the estimate 
is based on one study only. 
 
Increase median width at two way roads: Based on the meta-analysis results, increasing the width of 
the median by 1 metre at two way roads on urban areas has a positive significant effect on road 
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safety (-1%). Moreover, the comparison between roads with medians less than 20 metres and 
greater than 20 metres has a positive effect on road safety (-52%). 
 
The before-after study focused on urban areas and indicates that increasing of median width has a 
positive effect on road safety. The study was about car accidents and bike accidents, and in both 
cases the effects were positive. The CMFs of changes in median widths consistently decreased as 
medians widths increased up to 0.564 for a width of 15 m. 
 
2.2 CONCLUSION 
 
Median width is defined as the width of the portion of road separating the travelled ways for traffic 
in opposite directions (including the inside shoulder). Widening medians increases the space 
between traffic flows thus providing a higher level of separation. Increasing median width leads to 
fewer accidents caused by cross-median crashes. 
 
 
The effects have been studied on two-way road segments and at road intersections, in urban and 
rural areas. Moreover, various median widths have been investigated. 
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3 Supporting document 
 
 
 
 
 
3.1 METHODOLOGY 
 
3.1.1 Literature Search strategy 
 
The literature search was conducted in January-March 2017. The search strategy aimed at identifying 
the best quality and recent studies to estimate the effectiveness of median related treatments, thus 
considering not only median implementation but also the type of median, median barrier and 
increasing median width. During the screening phase the search focused on increase in width of 
median treatments. 
 
 
A meta-analysis carried out in 2014 is available in The Handbook of Road Safety Measures (online 
version). As this meta-analysis is available, only recent journal studies (after 2014) in the field of 
Engineering and Social science were considered from “Scopus”, “TRID” and “Science direct” 
database. One piece of “grey” literature was evaluated. 
 
Search terms used to identify relevant papers included, but were not limited to: “median”, “central 
reservation”. Detailed search terms, as well as their linkage with logical operators and combined 
queries are shown in Tables 3, 4 and 5. A total of 103 pieces of potentially eligible studies were 
identified (Table 6). After a preliminary abstract screening text, two studies were found to be eligible 
to the topic (Table 7). 
 
Table 3 Literature search strategy (Scopus database) - Date: 3rd January 2017 
 
search no. search terms / operators / combined queries hits 
#1 (“road median*“ OR “median*“ OR “central reservation*“ OR “median strip*“ 45 
 OR “neutral ground” OR “central nature strip*” OR “raised center median”)  
 W/1 (" " OR "barrier" OR "guardrail") AND ("effect*" OR "evaluation" OR  
 “impact*”) AND (“safety”) AND DOCTYPE ( ar OR re ) AND PUBYEAR >  
 2014 AND SRCTYPE ( j ) AND LANGUAGE ( english ) AND SUBJAREA (  
 engi OR soci)  
#2 (“casualt*” OR “fatalit*” OR “accident*” OR “crash*” OR “collision*” OR 44,314 
 “injur*”) AND DOCTYPE ( ar OR re ) AND PUBYEAR > 2014 AND  
 SRCTYPE ( j ) AND LANGUAGE ( english ) AND SUBJAREA ( engi OR soci)  
#3 #1 AND #2 43 
Table 4 Literature search strategy (TRID database)- Date: 3rd January 2017  
   
search no. search terms / operators / combined queries hits 
#1 (“road median*“ OR “median*“ OR “central reservation*“ OR “median strip*“ 13* 
 OR “neutral ground” OR “central nature strip*” OR “raised center median”)  
 AND effect AND evaluation  
*Results limited to studies published from 2014 
 
Table 5 Literature search strategy (Science direct database) - Date: 3rd January 2017 
 
search no. search terms / operators / combined queries hits 
#1 (“road median*“ OR “median*“ OR “central reservation*“ OR “median strip*“ 46 
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OR “increase width” OR “safety effectiveness*” OR “Multiple treatments”) AND 
effect AND evaluation  
Table 6 Results Literature Search 
 
Database Hits 
Scopus (remaining papers after several limitations/exclusions) 43 
TRID 13 
Science Direct 46 
Grey literature 1 
Total number of studies to screen title/ abstract 103  
 
Table 7 Screening results 
 
Total number of studies to screen title/ abstract 103 
-De-duplication 0 
-exclusion criteria A (part of a meta-analysis) 2 
-exclusion criteria B (no risk / no measure) 94 
-exclusion criteria C (Increase median) 6 
Remaining studies 0 
Not clear (full-text is needed) - 
Eligible papers 2 
  
 
 
3.1.2 Analysis of study designs and methods 
 
Table 8 presents information on the main outcomes of coded studies on the increase of 
median width. 
 
Table 8 Main outcomes of coded studies for median barrier treatment 
 
 
Author, 
  
Exposure variable 
  
Outcome 
  
Effects* 
   
Main outcome - 
 
 
           
 
 Year, Country       variable /   Confidence interval   description  
 
        Outcome type   or Standard Error     
 
           (SE)      
 
                  
 
Høye, A.2014, 
 
Increase median width at 
           
 
  
Accident numbers  
  
-1 (-2,-1)   Significant positive effect  
Norway  two-way roads by ONE (1)   (↘) 
   
 
  
Unspecified severity 
     
on road safety      
metre 
       
 
               
 
                 
 
    Increase median width at  
Accident numbers 
 
( ) 
 
-13 (-32,+11) 
  
Non-significant effect on      
intersection by ONE (1)            
Unspecified severity 
     
road safety  
    
metre 
       
 
               
 
                 
 
    Increase median width at  
Accident numbers 
   +21(+4, +42)   Significant negative effect      intersection (> or <) by   (↗)          
Unspecified severity 
     
on road safety      
TWO (2) metres 
       
 
               
 
                 
 
    Increase median width at  
Accident numbers 
   -52(-64,-36)   Significant positive effect      
two-way roads (> or <) by   (↘)          
Unspecified severity 
     
on road safety      
TWENTY (20) metres 
       
 
               
 
                
 
Park et al., 2016,  
Increase median width 
 
Accident frequency 
        
 
USA    
  
0,953 
  
Significant positive effect   All crashes   (↘)          
(KABCO)2 
  
SE 0,015 
 
on road safety 
 
    Median width 6.1 metres       
                
                  
 
                  
 
 
2 Level of injury scale KABCO. K: Fatal Injury (within 30 days), A: Incapacitating Injury, B: Non-
incapacitating Evident Injury, C: Possible Injury, O: No Injury 
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Author, 
  
Exposure variable 
  
Outcome 
  
Effects* 
    
Main outcome - 
 
 
            
 
 Year, Country      variable /   Confidence interval    description  
 
       Outcome type   or Standard Error      
 
          (SE)       
 
                  
 
    Increase median width  
Accident frequency 
   
0,95 
   
Significant positive effect      All crashes   (↘)           
(KABC) 
  
SE 0,014 
   
on road safety      
Median width 6.1 metres 
       
 
                
 
               
 
    Increase median width  Accident frequency    0,947    Significant positive effect  
    All crashes     (↘)   ,014        
(KAB) 
  
SE 0,014 
   
on road safety 
 
    
Median width 6.1 metres 
       
 
        
 
       
 
               
 
    Increase median width  
Accident frequency 
   0,938   0,017  
 
    All crashes   (↘)  SE 0.017    Significant positive effect       
(KA) 
     
on road safety 
 
    
Median width 6.1 metres 
        
 
                
 
                 
 
    Increase median width             
 
    All crashes  Accident frequency  
(↘) 
 0,908    Significant positive effect 
 
    
Median width 9.14 metres 
 
(KABCO) 
  
SE 0.029 
   
on road safety             
 
                 
 
    Increase median width             
 
    All crashes  Accident frequency  
(↘) 
 0,903    Significant positive effect 
 
    
Median width 9.14 metres 
 
(KABC) 
  
SE 0.027 
   
on road safety             
 
                 
 
    Increase median width             
 
    All crashes  Accident frequency  
(↘) 
 0,898    Significant positive effect 
 
    
Median width 9.14 metres 
 
(KAB) 
  
SE 0.027 
   
on road safety             
 
                 
 
    Increase median width             
 
    All crashes  Accident frequency  
(↘) 
 0,88    Significant positive effect 
 
    
Median width 9.14 metres 
 
(KA) 
  
SE 0.032 
   
on road safety             
 
                 
 
    Increase median width             
 
    All crashes  Accident frequency  
(↘) 
 0,866    Significant positive effect 
 
    
Median width 12.19 metres 
 
(KABCO) 
  
SE 0.042 
   
on road safety             
 
                 
 
    Increase median width             
 
    All crashes  Accident frequency  
(↘) 
 0,858  0,039Significant positive effect 
 
    
Median width 12.19 metres 
 
(KABC) 
  
SE 0.039 
   
on road safety 
 
           
 
                 
 
    Increase median width             
 
    All crashes  Accident frequency  
(↘) 
 0,85    Significant positive effect 
 
    
Median width 12.19 metres 
 
(KAB) 
  
SE 0.038 
   
on road safety             
 
                 
 
    Increase median width             
 
    All crashes  Accident frequency  
(↘) 
 0,825    Significant positive effect 
 
    
Median width 12.19 metres  (KA)   SE 0.045    on road safety             
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Author, 
  
Exposure variable 
  
Outcome 
  
Effects* 
   
Main outcome - 
  
           
 
           
 
 Year, Country      variable /   Confidence interval   description  
 
       Outcome type   or Standard Error     
 
          (SE)      
 
                 
 
    Increase median width            
 
    All crashes  Accident frequency  
(↘) 
 0,825   Significant positive effect 
 
    
Median width 15.24 metres 
 
(KABCO) 
  
SE 0.053 
 
on road safety           
 
                
 
    Increase median width            
 
    All crashes  Accident frequency  
(↘) 
 0,815   Significant positive effect 
 
    
Median width 15.24 metres 
 
(KABC) 
  
SE 0.049 
 
on road safety           
 
                
 
    Increase median width            
 
    All crashes  Accident frequency  
(↘) 
 0,806   Significant positive effect 
 
    
Median width 15.24 metres 
 
(KAB) 
  
SE 0.048 
 
on road safety           
 
                
 
    Increase median width            
 
    All crashes  Accident frequency  
(↘) 
 0,744   Significant positive effect 
 
    
Median width 15.24 metres 
 
(KA) 
  
SE 0.056 
 
on road safety           
 
                
 
    Increase median width  
Accident frequency 
   
0,867 
  
Significant positive effect      
Bike crashes   (↘)          
(KABCO) 
  
SE 0.025 
 
on road safety      
Median width 6.1 metres 
     
 
               
 
                
 
    Increase median width  
Accident frequency 
   0,877   Significant positive effect      Bike crashes   (↘)          
(KABC) 
  
SE 0.026 
 
on road safety      
Median width 6.1 metres 
     
 
               
 
                
 
    Increase median width  
Accident frequency 
   0,881   Significant positive effect      Bike crashes   (↘)          
(KAB) 
  
SE 0.03 
 
on road safety      
Median width 6.1 metres 
     
 
               
 
                
 
    Increase median width  
Accident frequency 
   0,751   Significant positive effect      Bike crashes   (↘)          
(KA) 
  
SE 0.032 
 
on road safety      
Median width 9.14 metres 
     
 
               
 
                
 
    Increase median width            
 
    Bike crashes  Accident frequency  
(↘) 
 0,77   Significant positive effect 
 
    
Median width 9.14 metres 
 
(KABCO) 
  
SE 0.046 
 
on road safety           
 
                
 
    Increase median width            
 
    Bike crashes  Accident frequency  
(↘) 
 0,776   Significant positive effect 
 
    
Median width 9.14 metres 
 
(KABC) 
  
SE 0.053 
 
on road safety           
 
                
 
    Increase median width            
 
    Bike crashes  Accident frequency  
(↘) 
 0,651   Significant positive effect 
 
    
Median width 12.19 metres  (KAB)   SE 0.045  on road safety           
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Author, 
  
Exposure variable 
  
Outcome 
  
Effects* 
  
Main outcome - 
  
          
 
          
 
 Year, Country      variable /   Confidence interval  description  
 
       Outcome type   or Standard Error    
 
          (SE)     
 
                
 
    Increase median width           
 
    Bike crashes  Accident frequency  (↘)  0,675  Significant positive effect      
Median width 12.19 metres 
 
(KA) 
  
SE 0.061 
 
on road safety 
 
         
 
               
 
    Increase median width           
 
    Bike crashes  Accident frequency  (↘)  
0,683  Significant positive effect 
 
    
Median width 12.19 metres 
 
(KABCO) 
  
SE 0.07 
 
on road safety 
 
         
 
               
 
    Increase median width           
 
    Bike crashes  Accident frequency  (↘)  
0,564  Significant positive effect 
 
    
Median width 15.24 metres 
 
(KABC) 
  
SE 0.056 
 
on road safety 
 
         
 
               
 
    Increase median width           
 
    Bike crashes  Accident frequency  (↘)  
0,592  Significant positive effect 
 
    
Median width 15.24 metres 
 
(KAB) 
  
SE 0.071 
 
on road safety 
 
         
 
               
 
    Increase median width           
 
    Bike crashes  Accident frequency  (↘)  
0,602  Significant positive effect 
 
    
Median width 15.24 metres  (KA)   SE 0.082  on road safety           
 
                
  
*Significant effects on road safety are coded as: positive (↘), negative (↗) or non-significant ( ) 
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1  Summary 
 
 
 
 
 
Kunsoan Noella, June 2017 
 
1.1. COLOUR CODE: LIGHT GREEN 
 
Median barriers reduce fatal accidents and some accidents of unspecified severity (mostly injury 
accidents). For both fatal and unspecified severity accidents reduced by the effect of median barrier 
treatments, a larger significant positive effect is seen for beam barriers compared to concrete barriers. 
However other accidents of unspecified severity such as in median (without crossing) type accidents are 
increased by beam median barriers.  
 
Key words: Median barrier, median guardrail, median cable barriers, median crossover crashes, cable 
offset, Safety effectiveness. 
 
 
1.2. ABSTRACT 
 
Median barriers are physical separations for opposing traffic streams and help stop vehicles travelling 
onto opposing traffic lanes. Median barrier treatments usually have a positive effect on road safety 
reducing the number of crashes. Apart from crash reductions, reduced crash severity has been 
associated with median barrier treatments. Results of the studies focusing on the effects of median 
barrier treatments on road safety indicate that beam median barrier treatments appear to significantly 
reduce fatal accidents by 87% and accidents of unspecified severity by 91% for “crossing the median” 
type of accidents. However, it is associated with a 73% increase in accidents of unspecified severity, for 
in median (without crossing) type of accidents. Most research was carried out in the United States, 
United Kingdom and France. Studies from France and the United Kingdom were included in the 
Norwegian meta-analysis whereas the only additional study was from the United States. 
 
 
 
1.3. BACKGROUND 
 
1.3.1. What is median barrier treatment? 
 
Median barrier treatment is defined as physical separation for opposing traffic streams that helps stop 
vehicles travelling into opposing traffic lanes. They are often built on the centre of wide urban multi-lane 
roads using wire/cable, beam or concrete. Medians could be paved or landscaped areas in the middle of 
roadways that separate traffic travelling in opposite directions. They are designed to redirect vehicles that 
impact on the median barriers and are also typically used to separate traffic with high differential speeds. 
 
1.3.2. How does median barrier treatment affect road safety? 
 
Median barrier treatments are installed with the intention of preventing or reducing median crossover 
crashes which occur when a vehicle leaves its travel way, crosses the median dividing the highway directional 
lanes and collides with a vehicle travelling in the opposite direction. Median barrier treatment 
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has a positive effect on road safety as it reduces the number and severity of crashes. Median barrier 
treatments could be more effective on roads with higher, rather than lower traffic volume. 
 
 
 
1.3.3. Which safety outcomes are affected by median barrier treatment? 
 
In the international literature, the effect of median barrier treatments on road safety has been 
measured using the number of accidents. Median barrier treatments may have different effects with 
respect to the severity of accidents.  
 
1.3.4. How is the effect of median barrier treatment studied? 
 
The effect of median barrier treatments is usually examined through before-after studies and case-
control studies by comparing the frequency of accidents on roads with median barrier treatments and 
on roads without median barrier treatments. 
 
1.3.5. Which factors influence the effect of median barrier treatment on road safety? 
 
The effects of median barrier treatments have been studied considering the accident type (i.e. all 
accidents, crossing the median, in median without crossing and not in/crossing median) and accident 
severity (fatal crashes only, incapacitating only, fatal and incapacitating, fatal and all injuries, 
incapacitating and non-incapacitating, and non-incapacitating only). 
 
1.4. OVERVIEW RESULTS 
 
1.4.1. Main results 
 
Regarding the effects of median barrier treatments on road safety identified in the international 
literature, it seems that they lead to a statistically significantly crash reduction. As presented in Høye’s 
meta-analysis from 2014, fatal crash rates got reduced by 87% and accidents of unspecified severity by 
91% for “crossing the median” type of accidents due to beam median barrier treatments. According to 
the results, median barrier treatments have a positive effect on road safety, with greatest effects on 
fatal crashes and accidents of unspecified severity (mostly person injury accidents). For both fatal and 
unspecified severity accidents, the effect is bigger for beam barriers than for concrete barriers. Most 
results regarding all accidents are not statistically significant. Accidents involving the crossing of the 
median are reduced the most while other accidents might increase. 
 
 
 
1.4.2. Transferability 
 
Overall, since a case-control study and a meta-analysis including several studies were found, the topic 
has been studied to a sufficient extent. The research studies included in the meta-analysis were carried 
out in the United Kingdom and France. Meanwhile the case-control study was carried out in the United 
States. Research focused on accident types (all accidents, crossing the median, in median without 
crossing and other (not in / crossing median)) and accident severity (fatal and unspecified severity). 
 
1.5. NOTES ON ANALYSIS METHODS 
 
The synopsis is based on a meta-analysis and a case-control study. Both random and fixed-effects models are 
used in the analysis. The studies included in the meta-analysis are from the United States, the United 
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Kingdom and France. All the studies were controlled for traffic volume and other confounding variables. 
The results are probably not affected by regression to the mean or publication bias.  
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2. Scientific overview 
 
 
 
 
 
2.1. LITERATURE REVIEW 
 
2.1.1. Analysis of study designs and methods 
 
Results are mostly based on a recent meta-analysis carried out by Høye (2014) evaluating the effects of 
median barrier treatments. A further recent study is included in this review examining the effects of 
cable barrier systems on Tennessee highways in the United States of America (Deo Chimba, Evarist 
Ruhazwe, Steve Allen, Jim Waters, 2016). The meta-analysis used both a random and a fixed effect 
model. The Empirical Bayes, before-after design and a case control design were used in the studies.  
 
A total of 19 studies were considered in the meta-analysis evaluating median barrier treatments. The 
studies included in the meta-analysis were carried out in, the UK and France meanwhile the additional 
study was carried out in the United States. 
 
Both studies compared the frequency of accidents on roads treated with median barriers with the 
frequency of accidents on undivided roads. The results are based on several types of studies from many 
different years and do not seem to be affected by publication bias. 
 
 
 
Table 1 illustrates an overview of the main aspects of coded studies (sample, method and outcome). 
 
Table 1 Description of coded studies 
 
 
Author(s), 
  
Sample and study design 
  
Method of analysis 
  
Outcome indicator 
 
 
        
 
 Year , Country           
 
            
 
            
 
Høye, A., 2014,  19 studies based on a before-after or case-control  Meta-analysis. Random  Number of accidents 
 
Norway  design.  effects and fixed effects    
 
       
 
Chimba et al., 2016  Experimental, Empirical Bayes Before-After-  Before-after, Empirical  Accident severity 
 
United States  Analysis using crash data of 577 road segments  Bayes    
 
   2003-2013        
 
            
 
 
 
 
 
2.1.2. Study Results 
 
The studies included in the meta-analysis show that median barrier treatments have a positive effect on 
road safety, results can be differentiated according to the specific context examined. 
 
Any type of median barrier treatment: Although median barriers reduce both fatal accidents and accidents 
of unspecified severity, the effects of any type of median barrier treatments are higher on fatal 
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accidents compared to accidents of unspecified severity. However, this effect is non-significant. Results 
of the meta-analysis indicate that they are associated with a 15% reduction of fatal accidents. 
 
Wire median barrier treatment: Compared to none, beam or concrete barrier treatments, wire median 
barrier treatments have significant positive effects on road safety with highest effects on injury accidents. 
Results of the meta-analysis indicate that they are associated with a 70% reduction of injury accidents. 
 
Beam median barrier treatment: For all accident types, beam median barrier treatments have a non-
significant effect on road safety. However, they have a significant positive effect on reducing “crossing 
the median” type of accidents for both fatal and unspecified accident severity. Beam median barrier 
treatment is associated with an 87% reduction of fatal accidents and a 91% reduction of accidents of 
unspecified severity for “crossing the median” type of accidents. However, it is associated with a 73% 
increase in accidents of unspecified severity when it comes to in median (without crossing) type 
accidents.  
 
Concrete barrier treatment: For all accident types, concrete barrier treatments have a non-significant 
effect on road safety with a greater non-significant reduction of fatal accidents compared to accidents of 
unspecified severity. 
 
 
 
2.1.3. Description of analysis carried out 
 
Review type analysis 
 
Considering the number of studies with the relevant estimates, it was decided that neither a meta-
analysis nor a vote count analysis can be conducted but rather a review type analysis was chosen. 
 
In general, the results above present a positive effect of median barrier treatments. It can be 
summarized that they mainly lead to significant positive effects for more serious accidents. At the same 
time and under certain conditions, such as in median without crossing type accidents in the case of 
beam median barriers, they showed significant negative effects, however, in a small proportion. 
 
Hence, on the basis of both study and effect numbers, it can be argued that median barrier treatment 
has a positive effect on road safety. There were clearly more significant positive than negative effects 
listed. As mentioned before, the chosen studies are of sufficient quality and mainly consistent in their 
results. In general, the results show that a median barrier treatment decreases road safety risk. Hence, a 
light green colour code was assigned. 
 
 
 
2.2. CONCLUSION 
 
Studies on the effect of median barrier treatments on road safety identified in the international 
literature mainly focus on accident frequency and severity. The studies identified indicate that median 
barrier treatments are associated with a statistically significant reduction in the occurrence of serious 
crashes, but in some cases of unspecified accident severity, crash count increases. The results can be 
emphasized by the findings of the review-type analysis above.  
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3. Supporting document 
 
 
 
 
 
3.1. METHODOLOGY 
 
3.1.1. Literature Search strategy 
 
The literature search was conducted in January-March 2017. The search strategy aimed at identifying 
the best quality and recent studies to estimate the effectiveness of median barrier treatment thus 
considering not only any type of median barrier but also specific types such as wire, beam or concrete 
median barriers. During the screening phase the search focused on median barrier treatments. 
 
 
A meta-analysis carried out in 2014 is available in The Handbook of Road Safety Measures (online version). As 
this meta-analysis is available, only recent journal studies (after 2014) in the field of Engineering and Social 
science were considered from “Scopus” and “TRID” database. No “grey” literature was examined. 
 
The Search terms used to identify relevant papers included “Median”, “Central reservation”, “median 
strip”, but were not limited to these. Detailed search terms, as well as their linkage with logical 
operators and combined queries are shown in Tables 2 and 3. A total of 56 pieces of potentially eligible 
studies were identified (Table 4). After a preliminary abstract screening text, one study was found to be 
eligible to the topic (Table 6). 
 
 
 
Table 2 Literature search strategy (Scopus Database) - Date: 3rd January 2017 
 
search no. search terms / operators / combined queries hits 
#1 (“road median*“ OR “median*“ OR “central reservation*“ OR “median 45 
 strip*“ OR “neutral ground” OR “central nature strip*” OR “raised center  
 median”) W/1 (" " OR "barrier" OR "guardrail") AND ("effect*" OR  
 "evaluation" OR “impact*”) AND (“safety”) AND DOCTYPE ( ar OR re )  
 AND PUBYEAR > 2014 AND SRCTYPE ( j ) AND LANGUAGE ( english ) AND  
 SUBJAREA ( engi OR soci)  
#2 (“casualt*” OR “fatalit*” OR “accident*” OR “crash*” OR “collision*” OR 44,314 
 “injur*”) AND DOCTYPE ( ar OR re ) AND PUBYEAR > 2014 AND SRCTYPE (  
 j ) AND LANGUAGE ( english ) AND SUBJAREA ( engi OR soci)  
#3 #1 AND #2 43 
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Table 3 Literature search strategy (TRID Database) - Date: 3rd January 2017 
 
search no. search terms / operators / combined queries hits 
#1 (“road median*“ OR “median*“ OR “central reservation*“ OR “median 13 
 strip*“ OR “neutral ground” OR “central nature strip*” OR “raised center  
 median”) AND effect AND evaluation  
#2   
#3    
 
 
Table 4 Results Literature Search 
 
Database Hits 
Scopus (remaining papers after several limitations/exclusions) 43 
TRID 13 
Total number of studies to screen title/ abstract 56 
 
 
Table 5 Screening results 
 
Total number of studies to screen title/ abstract 56 
-De-duplication 0 
-exclusion criteria A (e.g. part of a meta-analysis) 2 
-exclusion criteria B (e.g. no risk / no measure) 48 
-exclusion criteria C  
-exclusion criteria D  
Remaining studies  
Not clear (full-text is needed)  
Studies to obtain full-texts 6 
  
Table 6 Eligibility  
  
Total number of studies to screen full-text 6 
Full-text could be obtained 6 
Reference list examined Y/N  
Eligible papers 1 
  
 
 
3.1.2. Exploratory analysis of results 
 
The number of studies included in the meta-analysis indicate that the topic has been thoroughly investigated. 
The results are based on several types of studies from a range of years. Most of the included studies have 
compared frequency of accident on roads with and without median barrier treatment. 
 
Table 7 presents information on the main outcomes of coded studies on median barrier treatment. 
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Table 7 Main outcomes of coded studies for median barrier treatment 
 
 
Author, 
         
 
          
 
 Year,   Exposure  Study Outcome variable / Outcome Effects for road Main outcome - 
 
 Country   variable  Type type safety* description 
 
      
           
 
           
 
Høye., 2014,  Any type Meta- Fatal accidents / All accident types  -15% (-33;7) Non-significant positive 
 
Norway  Median analysis    effect on road safety 
 
    barrier      
 
          
 
    Any type Meta- Unspecified accident severity / All  -13% (-26;2) Non-significant positive 
 
    Median analysis accident types   effect on road safety 
 
    barrier      
 
          
 
    Wire median Meta- Unspecified accident severity / All  -7% (-19;7) Non-significant positive 
 
    barrier analysis accident types   effect on road safety 
 
          
 
    Beam Meta- Fatal accidents / All accident types  -12% (-32;13) Non-significant positive 
 
    median analysis    effect on road safety 
 
    barrier      
 
          
 
    Beam Meta- Unspecified accident severity / All  -4% (-27;27) Non-significant positive 
 
    median analysis accident types   effect on road safety 
 
    barrier      
 
          
 
    Beam Meta- Fatal accidents / Crossing the median ↘ -87% (-96;-59) Significant positive 
 
    median analysis    effect on road safety 
 
    barrier      
 
          
 
    Beam Meta- Unspecified accident severity / ↘ -91% (-94;-85) Significant positive 
 
    median analysis Crossing the median   effect on road safety 
 
    barrier      
 
          
 
    Beam Meta- Fatal accidents / In median (without  7% (-55;154) Non-significant positive 
 
    median analysis crossing it)   effect on road safety 
 
    barrier      
 
          
 
    Beam Meta- Unspecified accident severity / In ↗ 73% (33;125) Significant negative 
 
    median analysis median (without crossing it)   effect on road safety 
 
    barrier      
 
          
 
    Beam Meta- Fatal accidents / Other (not in /  -3% (-46;73) Non-significant positive 
 
    median analysis Crossing median)   effect on road safety 
 
    barrier      
 
          
 
    Beam Meta- Unspecified accident severity / Other  7% (-8;24) Non-significant positive 
 
    median analysis (not in / Crossing median)   effect on road safety 
 
    barrier      
 
          
 
    Concrete Meta- Fatal accidents / All accident types  -38% (-69;24) Non-significant positive 
 
    median analysis    effect on road safety 
 
    barrier      
 
          
 
    Concrete Meta- Unspecified accident severity / All  -13% (-46;40) Non-significant positive 
 
    median analysis accident types   effect on road safety 
 
    barrier      
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Author, 
              
 
                
 
  Year,   Exposure   Study  Outcome variable / Outcome  Effects for road  Main outcome -  
 
  Country   variable   Type  type  safety*  description  
 
         
                 
 
                 
 
    Wire median  Meta-  Unspecified accident severity / All  ↘ -24% (-34;-13)  Significant positive  
 
     barrier  analysis  accident types     effect on road safety  
 
                
 
    Wire median  Meta-  Unspecified accident severity / In  ↘ -38% (-59;-11)  Significant positive  
 
     barrier  analysis  median (without crossing it)     effect on road safety  
 
                
 
    Beam  Meta-  Unspecified accident severity /   99% (-48;660)  Non-significant positive  
 
     median  analysis  Crossing the median     effect on road safety  
 
     barrier           
 
                
 
    Beam  Meta-  Unspecified accident severity / In  ↘ -31 (-37;-24)  Significant positive  
 
     median  analysis  median (without crossing it)     effect on road safety  
 
     barrier           
 
                
 
    Wire median  Meta-  Injury accidents / In median (without  ↘ -70 (-81;-51)  Significant positive  
 
     barrier  analysis  crossing it)     effect on road safety  
 
*Significant effects on road safety are coded as: positive (↘), negative (↗) or non-significant ( ) 
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1 Summary 
 
 
 
 
Kunsoan Noella, June 2017 
 
 
 
1.1. COLOUR CODE: GREEN  
 
Both centerline rumble strips and a combination of center- and edgeline rumble strips are found to 
reduce accidents. The effect is greatest for target accidents. 
 
Key words: rumble strips; road marking; median 
 
1.2. ABSTRACT 
 
Rumble strips are rows of raised pavement markers placed along or adjacent to a road’s edgeline or 
Centreline. They provide haptic and audible feedback that a driver is straying out of the marked lane. 
Centerline plus shoulder rumble strips have been shown to reduce the frequency of crashes on road 
segments, with the greatest effects on target accidents i.e. Results for centerline rumble strips have an 
effect on: headon collisions, running off the road on the left side and side-impact collisions with vehicles 
in the oncoming lane on the left hand side showed a 37% reduction. Results for center- and edgeline have 
an effect on: head-on collisions, running off the road on either side and side swipe accidents between 
vehicles travelling in opposite directions also showed a 32% reduction. The presented results are for all 
accident severities as no differences were found for different degrees of severity. No differences were 
found for studies with and without control for regression to the mean. The results do not seem to be 
affected by publication bias, and do not contain significant difference, with the exception of edge- and 
centerline rumble strips for all accidents. 
 
 
1.3. BACKGROUND 
 
 
1.3.1. What are rumble strip 
 
Rumble strips are a road safety feature installed at the centre or edge of paved roads that alert drivers 
when they are about to leave the travel lane by causing a tactile vibration and audible rumbling 
transmitted through the wheels into the vehicle interior. Shoulder rumble strips are a longitudinal safety 
feature installed on a paved roadway shoulder near the outside edge of the travel lane. It is made with a 
series of milled elements intended to alert inattentive drivers through vibration and sound that their 
vehicle has left the travel lane. Centreline rumble strips are in principle similar to shoulder rumble strips 
but placed at the centre of roads to alert drivers who may encroach into opposing lanes. 
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1.3.2. How does the installation of rumble strips affect road safety? 
 
Rumble strips are intended to increase alertness and reduce the risk of drivers running off the road or 
straying across the centreline. Consequently, they help to reduce crashes caused by driver inattention or 
fatigue because the tactile vibration and audible rumbling generated by the strips serve as a ‘wake-up’ 
signal before a crash occurs. Rumble strips have been shown to reduce the number of road accidents 
with greatest effects on target accidents i.e. head-on collisions, running off the road on the left side, 
side-impact collisions with vehicle in the oncoming lane on the left hand side, running off the road on 
either side, side swipe accidents between vehicles travelling in opposite direction. The implementation 
of centreline rumble strips serves as a caution for drivers to adhere to their travel lanes which may result 
in a reduction of the number of head-on collisions.  
 
 
1.3.3. Which safety outcomes are affected by the installation of rumble strips? 
 
In the international literature, the effect of the implementation of rumble strips on road safety has been 
measured using as outcome accident frequency (number of accidents occurred). 
 
 
 
1.3.4. How is the effect of the installation of rumble strips studied? 
 
International literature indicated that the effect of the installation of rumble strips is usually examined 
by comparing the frequency of accidents on roads with and without rumble strips through before-after 
studies. 
 
 
 
1.3.5. Which factors influence the effect of the installation of rumble strips on road safety? 
 
Rumble strips have a negative impact on cycling as they are virtually impossible to ride a bicycle over. 
They can cause a cyclist to lose control of their bike and fall. Consequently, cyclists will avoid riding over 
them. When rumble strips leave no room on the shoulder, cyclists will have no other option than to face 
the risk of riding in the travel lane. Centre rumble strips may also excessively shift the lateral placement 
of vehicles in the travel lane toward the shoulder, which could increase the potential for vehicle-bicycle 
collisions. There is also the concern that drivers accustomed to right-side shoulder rumble strips will 
“jerk” the steering wheel to the left when encountering the centre rumble strips 
 
 
1.4. OVERVIEW RESULTS 
 
1.4.1. Main results 
 
According to results in the meta-analysis, the implementation of rumble strips generally improves road safety. 
From literature review, two studies that compared effects during the day and at night found greater effects at 
night. The literature review covers effects on driver behaviour, motorcyclists and bicyclists which have not 
been coded. Centreline rumble strips are associated with 37% reduction in the number of target accidents 
(head-on collisions, running off the road on the left side, side-impact collisions with vehicle in the oncoming 
lane on the left hand side) while centre- and edgeline rumble strips are associated with 32% 
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reduction in target accidents (head-on collisions, running off the road on either side, side swipe 
accidents between vehicles travelling in opposite direction). These results are for all accident severities 
since no differences were found for different degrees of accident severity. No differences were found for 
studies with and without control for regression to the mean. 
 
1.4.2. Transferability 
 
Overall, a meta-analysis including several studies was found, the topic has been studied to a sufficient 
extent. The studies included in the meta-analysis are from North America (the United States, Canada) 
and Europe (Denmark).  
 
 
 
1.5. NOTES ON ANALYSIS METHODS 
 
The synopsis is based on a meta-analysis study. The studies included in the meta-analysis are from the 
United States, Canada and Denmark. Most of the included studies have compared the frequency of 
accidents on roads with and without rumble strips. The results of studies on the safety effects of audio-
tactile lane-markings varied greatly and no summary estimates were calculated. The results do not seem 
to be affected by publication bias, and do not contain significant heterogeneity, with the exception of 
edge- and centreline rumble strips for all accidents. 
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2 Scientific overview 
 
 
 
 
 
 
 
2.1. DESCRIPTION OF AVAILABLE STUDIES 
 
2.1.1. Analysis of study designs and methods  
 
Results are based on a meta-analysis carried out in 2015. According to the literature search results it 
seems that there is a lack of research on rumble strips from 2015. 
 
13 studies were considered in the meta-analysis by Høye, 2015. Research has been carried out in the 
United States, Canada and Denmark. 
 
Most of the studies compared the frequency of accidents on roads equipped with rumble strips with the 
frequency of accidents on roads without rumble strips. No summary estimates were calculated due to 
the high variability of results of studies on the safety effect of audio-tactile lane-markings. The results do 
not seem to be affected by publication bias. 
 
Table 1 illustrates an overview of the main aspects of the coded study (sample, method and outcome). 
 
 
Author(s), 
  
Sample and study design 
  
Method of analysis 
  
Outcome indicator 
 
 
        
 
 Year , Country           
 
            
 
            
 
Høye, A., 2015,  13 studies based on a before-after design.  Meta-analysis. Random  Number of accidents 
 
Norway     effects    
 
            
 
 
 
2.1.2. Study results 
 
The studies included in the meta-analysis show that the rumble strips generally have a positive effect on 
road safety. The results can be differentiated according to the specific context examined. 
 
Centreline rumble strips: The effects of the implementation of centreline rumble strips are highest on 
target accidents (head-on collisions, running off the road on the left side, side-impact collisions with 
vehicle in the oncoming lane on the left hand side) with a positive significant reduction in the number of 
accidents such as head-on, run off road (ROR) to the left and sideswipe with a vehicle on the left-hand 
side oncoming lane. Results of the meta-analysis indicate that they are associated with a 37% reduction 
of target accidents. 
 
Centre- and edgeline rumble strips: The combination of centre- and edgeline rumble strips also exhibits 
a significant positive effect on road safety through a reduction in the number of target accidents (head-
on, ROR to left/right, sideswipe with vehicle travelling in the opposite direction). This have been 
associated with a 32% reduction in the target accidents. 
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2.1.3. Description of analysis carried out 
 
Review-type analysis 
 
Considering the recent meta-analysis it was decided that neither a meta-analysis nor a vote-count 
analysis can be conducted. Hence, to find an overall estimate for the installation of centreline rumble 
strip a review-type analysis was chosen. 
 
The results above present a positive effect for the installation of centreline rumble strips. It can be 
summarised that implementation of rumble strips at centreline mainly leads to a significant positive 
effects on road safety.  
 
Hence, on the basis of both study and effect numbers, it can be argued that the installation of centreline 
rumble strips has a positive effect of road safety. There were clearly more significant positive than 
negative effects listed. As mentioned before, the chosen studies are of sufficient quality and mainly 
consistent in their result. Hence, results show that the installation of centreline rumble strips decreases 
road safety risk. As such, a green colour code was assigned. 
 
 
 
2.2. CONCLUSION 
 
Studies on the effect of the installation of rumble strips on road safety identified in the meta-analysis 
mainly focus on accident frequency. 
 
According to the recent meta-analysis the implementation of rumble strips at centreline is associated 
with a statistically significant reduction in crash occurrence. In addition, the combination of centre- and 
edgeline rumble strips also exhibits a significant positive effect on road safety. 
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3. Supporting document 
 
 
 
 
 
3.1. METHODOLOGY 
 
3.1.1. Literature Search strategy 
 
The literature search was conducted in January-March 2017. The search strategy aimed at identifying 
recent quality studies to estimate the effectiveness of the implementation of rumble strips at centre- 
and edge lines, thus considering not only rumble strip implementation but also its position on the road 
(centre and edge). During the screening phase the search focused on installation of rumble strips.  
 
A meta-analysis carried out in 2015 is available in The Handbook of Road Safety Measures (online 
version). As this meta-analysis is available, only recent journal studies (after 2015) in the field of 
Engineering and Social science were considered from “Scopus”. No “grey” literature was examined. 
 
Search terms used to identify relevant papers included, but were not limited to: “rumble strip”, “rumple 
strips”, “audible lines”. A total of 16 pieces of potentially eligible studies were identified (Table 2). After a 
preliminary abstract screening text, no studies were found to be eligible to the topic. 
 
 
 
Table 2 Literature search strategy (Scopus database) - Date: 3rd April 2017 
 
search no. search terms / operators / combined queries hits 
#1 TITLE-ABS-KEY("rumble strip*" or "sleeper line*" or "rumple strip*" or 16 
 "audible lines" or "drunk bumps") AND ( LIMIT-TO ( PUBYEAR,2017 ) OR  
 LIMIT-TO ( PUBYEAR,2016 ))  
 
 
 
 
3.1.2. Exploratory analysis of results 
 
The number of studies included in the meta-analysis indicate that the topic has been thoroughly 
investigated. The results are based on several types of studies from a range of years. Most of the 
included studies have compared the frequency of accidents on roads with and without rumble strips. 
 
Table 3 presents information on the main outcomes of coded studies on the implementation of rumble 
strips at centre- and edgeline. 
 
 
 
 
 
 
 
 
 
Table 3 Main outcomes of coded studies on the implementation of rumble strips at centre- and edge lines. 
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Author, 
   
Study 
       
          
 
          
 
 Year,  Exposure  Type   Outcome variable / Outcome Effects for road Main outcome - 
 
 Country  variable     type safety* description 
 
            
 
            
 
Høye., 2015 Centreline  Meta-  All accident types ↘ -10% (-14;-5) Significant positive 
 
International rumble strips  analysis     effect on road safety 
 
           
 
   Centreline  Meta-  Target accidents: head-on, ROR to the ↘ -37% (-42;-31) Significant positive 
 
   rumble strips  analysis  left, sideswipe with vehicle in the left   effect on road safety 
 
        hand side oncoming lane    
 
           
 
   Centre-and  Meta-  All accidents ↘ -14% (-23;-3) Significant positive 
 
   edgeline  analysis     effect on road safety 
 
   rumble strips         
 
           
 
   Centre-and  Meta-  Target accidents: head-on, ROR to ↘ -32% (-36;-29) Significant positive 
 
   edgeline  analysis  left/right, sideswipe with vehicle   effect on road safety 
 
   rumble strips     travelling in the opposite direction    
 
            
  
*Significant effects on road safety are coded as: positive (↘) 
 
 
 
3.2. LIST OF STUDIES 
 
3.2.1. Meta-analyses 
 
Høye, A. (2015). The Handbook of Road Safety Measures, Norwegian (online) version.  
http://tsh.toi.no/index.html?147175 
 
The following studies were included in the Meta-analysis: 
 
Briese, M. Safety effects of centerline rumble strips in Minnesota. 2008 Report MN/RC 208-44. St Paul 
Minnesota, Minnesota Department of Transport. 
 
Karkle, D. E. Effects of centerline rumble strips on safety, exterior noise, and operational use of the travel 
lane. 2011 Dissertation. Manhattan, Kansas: Kansas State University. 
 
Kay, J. J., Savolainen, P. T., Gates, T. J., Datta, T. K., Finkelman, J., & Hamadeh, B. Safety Impacts of a 
Statewide Centerline Rumble Strip Installation Program. 2015 Transportation Research Board 
94th Annual Meeting. 
 
Kubas, A., Kayabas, P., Vachal, K., & Berwick, M. Rumble Strips in North Dakota: A Comparison of Road 
Segments, Safety, and Crash Patterns. 2013 Fargo: Upper Great Plains Transportation Institute 
North Dakota State University. 
 
Lyon, C., Persaud, B., & Eccles, K. Safety Evaluation of Centerline Plus Shoulder Rumble Strips. 2015 
Report FHWA-HRT-15-048. Vienna VA/Toronto, Ontario: Vanessa Hangen Brustlin, Inc (VHB) 
Persaud Lyon, Inc. 
 
Mohamud, M. J. Centerline Rumble Strips – Safety Evaluation. 2011 Aalborg: Faculty of Engineering and 
Science, Aalborg University. 
 
 
 
Safety Cube | Synopsis on Median / barrier treatments - implementation of rumble strips at centreline | WP5 8 
 
 
 
Noyce, D. A. & Elango, V. V. Safety evaluation of centerline rumble strips: A crash and driver behavior 
analysis. 2004 83rd Annual meeting of the Transportation Research Board, Washington, D.C. 
Paper Nr. 04-3932. 
 
Outcalt, W. Centerline rumble strips. 2001 Report CDOT-DTD-R-2001-8. Colorado Department of 
Transportation Research Branch. 
 
Persaud, B. N., Retting, R. A. & Lyon, C. A. Crash reduction following installation of centerline rumble 
strips on rural two-lane roads. 2004 Accident Analysis & Prevention, 36(6), 1073-1079.  
 
Sayed, T., deLeur, P., & Pump, J. Impact of Rumble Strips on Collision Reduction on Highways in British 
Columbia, Canada. 2010 Transportation Research Record, 2148, 9-15. 
 
Sin, J. G. N. Safety impact study of centerline rumble strips in Georgia. 2014 Georgia Institute of 
Technology. 
 
Torbic, D. J., Hutton, J. M., Bokenkroger, C. D., Bauer, K. M. & Harwood, D. W. Guidance for the design 
and application of shoulder and centerline rumble strips. 2009 NCHRP Report 641. Washington 
DC: Transportation Research Board. 
 
Van Schalkwyk, I. & Washington, S. Cost effective safety improvements on two-lane rural state roads in 
Washington State. 2008 Report WA-RD 695.1. Tempe, AZ: Arizona State University, Department 
of Civil and Environmental Engineering. 
 
 
 
3.2.2. References on further background information 
 
Elvik, R.; Høye, A.; Vaa, T.; Sørensen, M. (2009): The Handbook of Road Safety Measures. Second edition. 
Emerald Group. Bingley 
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1  Summary 
 
 
 
 
 
Ammari, A. & Usami D. S., June 2017 
 
1.1 COLOUR CODE: LIGHT GREEN 
 
From the studies on the effects of shoulder implementation it seems that the implementation of shoulders 
on roadways leads to a significant positive effect on road safety. However, for some circumstances (e.g. 
fatal crashes on two-lane roads) significant negative effects were presented. 
 
 
1.2 KEYWORDS 
 
Hard shoulder, soft shoulder, paved shoulder, composite shoulder, emergency lane, run-off-road crashes. 
 
 
 
1.3 ABSTRACT 
 
A shoulder is a surface immediately beyond the carriageway edge line. Shoulders are commonly used to 
provide emergency lanes, parking lanes, and bicycle or pedestrian lanes. Results of the studies focusing on 
the effects of shoulder implementation on road safety indicate that the implementation of shoulders 
(adding paved, unpaved or composite shoulders) appears to significantly reduce crash occurrence, thus 
having a positive effect on road safety. A higher positive effect is observed for horizontal curve segments 
than for tangent road segments. However, shoulder implementation was negatively effective for fatal 
accidents on rural and urban two-lane roads, injury accidents on rural interstate roadways, injury and 
property damage only accidents on rural multilane roads with a shoulder width of 2.4 m. All the research 
was carried out in the United States hence transferability is limited. 
 
 
 
1.4 BACKGROUND 
 
1.4.1 What is shoulder implementation? 
 
Shoulder implementation refers to the paving of deteriorated shoulders. A shoulder can be paved or 
unpaved. The unpaved shoulder types (or soft shoulder) generally include earth/turf, sod, aggregate, 
surface treated/sealed, and composite shoulders. Paved shoulders (or hard shoulder or sealed shoulder) 
are mainly implemented with asphalt (including hot-mix asphalt and recycled asphalt concrete) and 
concrete (Bamzai et al., 2011). 
 
1.4.2 How does a shoulder implementation affect road safety? 
 
Shoulders have several functions, including emergency stop and pull off, and help straying vehicles regain 
control, recover from error, and resume normal travel (AASHTO, 2004, in Stamatiadis et al., 2009). The skid 
resistance of the surface should be as good as the carriageway surface to avoid skidding accidents. 
However, a stopped vehicle may pose a hazard for other vehicles. According to past research, it seems that 
approximately 10% of fatal freeway crashes are related to vehicles stopped on shoulders (Hauer, 2000 in 
Bassat & Shinar, 2011). 
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1.4.3 Which safety outcomes are affected by shoulder implementation? 
 
In the literature used for this synopsys, the effect of shoulder implementation on road safety has been 
measured using accident frequency (number of accidents occurring). 
 
1.4.4 How is the effect of shoulder implementation studied? 
 
International literature indicated that the effect of shoulder implementation is evaluated by conducting 
(quasi-)experimental before-after studies and cross-sectional studies.  
 
 
 
1.5 OVERVIEW RESULTS 
 
1.5.1 Main results 
 
According to the results, the implementation of shoulders with different widths shows a significant positive 
effect on road safety. For rural and urban interstate, multilane and two-way roads, implementing a 
shoulder with a width of 1.2 m, 1.8 m or 2.4 m was found effective in reducing shoulder-related crashes. 
However, shoulder implementation was negatively effective for fatal accidents on rural and urban two-lane 
roads, injury accidents on rural interstate roadways, injury and property damage only accidents on rural 
multilane roads with shoulder wide 2.4 m. A higher positive effect is observed for horizontal curve 
segments than for tangent road segments. 
 
1.5.2 Transferability 
 
Potential transferability of results is questionable, since all studies are related to the United States. 
 
1.6 NOTES ON ANALYSIS METHODS 
 
The synopsis is based on two Empirical Bayes before-after studies and one cross-sectional study. In general, 
the coded studies are of sufficient quality and are methodologically sound. 
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2  Scientific overview 
 
 
 
 
 
2.1 LITERATURE REVIEW 
 
2.1.1 Analysis of study designs and methods 
 
Overall three studies on the effect of shoulder implementation were selected and coded. Two studies 
focused on accident frequency considering accident severity (fatal, serious, minor injury and PDO). Both of 
them used the Empirical Bayes before-after design (Bamzai et al., 2011; Li et al., 2013), the third one used a 
cross-sectional design (Peng et al., 2012). 
 
 
As a target accident, Peng et al. (2012) studied the effects of shoulder implementation on single vehicle run 
off road crashes, while the other two studies focused on shoulder related accidents consisting in: "Run-off-
road right, then head-on and sideswiped with a vehicle in the opposite direction; Run-off-road right, then 
sideswiped with a vehicle in the same direction of multilane highways; Run-off-road right, then collided 
with fixed object on the right; Run-off-road right, then collided with fixed object on the left; Run-off-road 
right, then overturned in road or roadside involving single vehicle; and Run-off-road right, then overturned 
in road or roadside involving multiple vehicles" (Bamzai et al., 2011; Li et al., 2013). 
 
The effects have been studied on both urban and rural areas (Bamzai et al., 2011 and Li et al., 2013) for 
interstate (Li et al., 2013), multilane and two-lane road segments (Bamzai et al., 2011). Peng et al., (2012) 
analyzed the effects of adding a paved shoulder on tangent segments and horizontal curves on rural roads. 
All research studies have been undertaken in the United States. 
 
Table 1 illustrates an overview of the main aspects of coded studies (sample, method and outcome). 
 
 
 
Table 1 Description of coded studies 
 
  
Author(s), Year, 
  
Sample and study 
  
Method of analysis 
  
Outcome indicator 
 
 
         
 
  Country   design        
 
             
 
             
 
 Bamzai et al., 2011, United  Empirical Bayes Before-  Before-After Analysis of Crash  Number of Fatal, Injury and PDO 
 
 States  After analysis using crash  frequency  Shoulder-Related Crashes 
 
     data from 233 treated road       
 
     segments and 7,968       
 
     untreated segments from       
 
     2000-2006 in Illinois (US)       
 
        
 
 Li et al., 2013,  Empirical Bayes Before-  Before-After Analysis of Crash  Number of Fatal, Injury and PDO 
 
 United States  After analysis using crash  frequency  Shoulder-Related Crashes 
 
     data from 181 treated       
 
     Interstate road segments       
 
     from 2000-2006 in Illinois       
 
     (US)       
 
        
 
 Peng et al., 2012,  Cross-sectional study using  Cross-section, Negative Binomial  Number of Fatal, Serious injury, 
 
 United States  crash data from horizontal  regression (1 model for tangent  Minor injury Run off road, Single 
 
     curves only (195 segments),  segments and 1 model for  vehicle crashes 
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  and tangent segments only horizontal curves)  
 (306 segments) from 2003-   
 2008 in Texas (US)   
    
 
 
2.1.2 Study results 
 
From the effects of shoulder implementation on road safety it seems that shoulder implementation 
significantly reduces crash occurrence. The three studies mostly show a reduction of crash occurrence. 
 
Rural area - multilane segment: Based on Bamzai et al. (2011), implementing a paved shoulder of various 
width (1.2, 1.8 and 2.4 m) has a significant positive effect on road safety for different crash severities.  
 
Rural area - two lane segment: Based on Bamzai et al. (2011), adding a paved shoulder of various width 
(1.2, 1.8 and 2.4 m) on rural two-lane highways will result in decreases in shoulder-related injury and 
property damage only (PDO) crashes and increases in shoulder-related fatal crashes. 
 
Urban area - multilane segment: Implementing a paved shoulder of various width (1.2, 1.8 and 2.4 m) 
seems to have a significant positive effect on road safety only when adding a 1.2 m wide shoulder, but not 
when adding a shoulder with 1.8 or 2.4 metres width (Bamzai et al. 2011) since injury and PDO crashes are 
likely to be not affected or not increase. 
 
Urban area - two lane segment: Adding a new 1.2, 1.8 or 2.4 m wide paved shoulder is effective in reducing 
injury and property damage only crashes, but it is ineffective in fatal crash reductions (Bamzai et al. 2011). 
 
Further results from Li et al. (2013) on the safety impacts of implementing shoulders for rural interstate 
highways reveal that adding a paved shoulder appears to be effective in reducing shoulder-related fatal and 
PDO crashes for all paved widths, but not in reducing injury crashes. On urban interstate highways 
implementing a paved shoulder is effective in reducing shoulder-related fatal, injury and PDO crashes. 
According to Bamzai et al., (2011) and Li et al., (2013), the most effective paved widths implemented are to 
reach 2.4 m for rural interstate highways, 1.8 m for urban interstate highways, 1.2–1.8 m for multilane 
highways, and 2.4 m for two-lane roads. 
 
When the relationship between hard shoulders and accidents is investigated in a regression model, which 
controls for several road characteristics and traffic volumes, the result is similar. According to the 
developed negative binomial model, Peng et al. (2012) indicate that the implementation of a paved 
shoulder can reduce single vehicle run off road injury crashes by up to 71% on tangent road segments and 
by 87% on horizontal curve segments on two-lane rural roads. 
 
 
2.1.3 Description of analysis carried out 
 
Review-type analysis 
 
Considering the number of studies with the relevant estimates it was decided that neither a meta-analysis 
nor a vote-count analysis can be conducted but rather a review-type analysis was chosen. 
 
The results above present a positive effect of the implementation of a shoulder. It can be summarised that 
implementing a shoulder on roadways leads to mainly significant positive effects. At the same time and 
under certain conditions shoulder implementation showed significant negative effects, although a small 
proportion. 
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Hence, on the basis of study results, it can be argued that the implementation of a shoulder has a positive 
effect on road safety. There were clearly more significant positive than negative effects listed. As 
mentioned before, the identified studies are of sufficient quality and mainly consistent in their results. In 
short, results show that the shoulder implementation decreases road safety risk. Hence, a light green 
colour code was assigned. 
 
 
 
2.2 CONCLUSION 
 
Studies on the effect of implementing a shoulder on road safety identified in the international literature 
mainly focus on accident frequency and severity.  
 
The studies identified indicate that the implementation of a shoulder is associated with a statistically 
significant reduction in crash occurrence. A higher positive effect is observed for horizontal curve segments 
than tangent road segments. 
 
Based on these results, it can be concluded that the implementation of shoulders almost always results in 
fewer single vehicle run off road accidents and shoulder related accidents. This result can be emphasized by 
the findings of the review-type analysis above. 
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3  Supporting document 
 
 
 
 
 
3.1 METHODOLOGY 
 
3.1.1 Literature Search strategy 
 
The literature search was conducted in January-March 2017. The search strategy aimed at identifying the 
best quality and recent studies to estimate the effectiveness of shoulder related treatments. During the 
screening phase the search focused on shoulder implementation.  
 
Only recent journal studies (after 2004) in the field of Engineering and Social science were considered from 
“Scopus” And “TRID” database. No “grey” literature was evaluated. 
 
Search terms used to identify relevant papers included, but were not limited to: “shoulder”, “effect”, 
“evaluation”. Detailed search terms, as well as their linkage with logical operators and combined queries 
are shown in Tables 2 and 3. A total of 483 pieces of potentially eligible studies were identified (Table 4). 
After a preliminary abstract screening text, 3 studies were found to be eligible to the topic (Table 5). 
 
Table 2 Literature search strategy (Scopus database) - Date: 3rd January 2017 
 
  
search no. 
  
search terms / operators / combined queries 
  
hits 
 
 
      
 
          
 
#1   ALL ( ( "shoulder*" ) W/0 ( " " OR "hard" OR "road" ) AND ( "effect*" OR "evaluation" 45 
 
     OR "impact*" ) AND ( "safety" ) ) AND DOCTYPE ( ar OR re ) AND PUBYEAR > 1995    
 
     AND SRCTYPE ( j ) AND LANGUAGE ( english ) AND SUBJAREA ( engi OR soci )    
 
      
 
#2   (“Road “ OR “traffic”) W/0 (“casualt*” OR “fatalit*” OR “accident*” OR “crash*” OR 15,451 
 
     “collision*” OR “injur*”) AND DOCTYPE ( ar OR re ) AND PUBYEAR > 1995 AND    
 
     SRCTYPE ( j ) AND LANGUAGE ( english ) AND SUBJAREA ( engi OR soci)    
 
      
 
#3   #1 AND #2 41 
 
     
 
Table 3 Literature search strategy (TRID database)- Date: 3rd January 2017    
 
       
 
       
 
  search no.   search terms / operators / combined queries   hits 
 
          
 
#1   Keywords ("shoulder" AND ("effect" OR "evaluation") in Highways, Safety and Human 442 
 
     Factors, Transportation (General)    
 
          
 
*Results limited to studies published from 2005 
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Table 4 Results Literature Search 
 
  
Database 
  
Hits 
 
 
     
 
       
 
 Scopus (remaining papers after several limitations/exclusions) 41  
 
    
 
 TRID 442  
 
    
 
 Total number of studies to screen title/ abstract 483  
 
       
  
 
 
3.1.2 Exploratory analysis of results 
 
Table 5 presents information on the main outcomes of coded studies on shoulder implementations with 
different widths. 
 
Table 5 Main outcomes of coded studies for shoulder implementation 
 
 
Author, Year, 
  
Exposure 
  
Study Type 
  
Outcome 
  
Effects for road safety* 
  
Main 
 
 
            
 
 Country   variable      variable /       outcome -  
 
          Outcome       description  
 
          type         
 
                   
 
                   
 
Peng et al., 2012,  Increase  Before-after,  Single vehicle run  ↘ Percent accident  Significant 
 
United States  shoulder width  Empirical Bayes  off road (fatal;   reduction = 71%  positive effect on 
 
    
from 0 to 10 
    injury) / Rural      road safety 
 
        
road 
       
 
    
feet 
           
 
                 
 
              
 
    Increase  Before-after,  Single vehicle run  ↘ Percent accident  Significant 
 
    shoulder width  Empirical Bayes  off road (fatal;   reduction = 87%  positive effect on 
 
    
from 0 to 10 
    injury) / Rural      road safety 
 
        
road 
       
 
    
feet 
           
 
                 
 
                 
 
Bamzai et al.,                 
 
2011                   
  
Adding new 
 
Before-after, 
 
Fatal crashes on 
 
↘ Percent accident 
 
Significant 
 
        
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 2%  positive effect on 
 
          – 1.2 m) /      road safety 
 
          Multilane Rural        
 
          roads        
 
              
 
    Adding new  Before-after,  Injury crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 5%  positive effect on 
 
          – 1.2 m) /      road safety 
 
          Multilane Rural        
 
          roads        
 
              
 
    Adding new  Before-after,  PDO crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 23%  positive effect on 
 
          – 1.2 m) /      road safety 
 
          Multilane Rural        
 
          roads        
 
              
 
    Adding new  Before-after,  Fatal crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 5%  positive effect on 
 
          – 1.8 m) /      road safety 
 
          Multilane Rural        
 
          roads        
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Author, Year, 
  
Exposure 
  
Study Type 
  
Outcome 
  
Effects for road safety* 
  
Main 
 
 
            
 
 Country   variable      variable /       outcome -  
 
          Outcome       description  
 
          type         
 
                   
 
                   
 
    Adding new  Before-after,  Injury crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 2%  positive effect on 
 
          – 1.8 m) /      road safety 
 
          Multilane Rural        
 
          roads        
 
              
 
    Adding new  Before-after,  PDO crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 21%  positive effect on 
 
          – 1.8 m) /      road safety 
 
          Multilane Rural        
 
          roads        
 
              
 
    Adding new  Before-after,  Fatal crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 8%  positive effect on 
 
          – 2.4 m) /      road safety 
 
          Multilane Rural        
 
          roads        
 
              
 
    Adding new  Before-after,  Injury crashes on   Percent accident  Non-significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 0%  effect on road 
 
          – 2.4 m) /      safety 
 
          Multilane Rural        
 
          roads        
 
              
 
    Adding new  Before-after,  PDO crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 18%  positive effect on 
 
          – 2.4 m) /      road safety 
 
          Multilane Rural        
 
          roads        
 
              
 
    Adding new  Before-after,  Fatal crashes on  ↗ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = -5%  negative effect 
 
          – 1.2 m) Two-lane      on road safety 
 
          Rural roads        
 
              
 
    Adding new  Before-after,  Injury crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 2%  positive effect on 
 
          – 1.2 m) Two-lane      road safety 
 
          Rural roads        
 
              
 
    Adding new  Before-after,  PDO crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 2%  positive effect on 
 
          – 1.2 m) Two-lane      road safety 
 
          Rural roads        
 
              
 
    Adding new  Before-after,  Fatal crashes on  ↗ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = -8%  negative effect 
 
          – 1.8 m) Two-lane      on road safety 
 
          Rural roads        
 
              
 
    Adding new  Before-after,  Injury crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 5%  positive effect on 
 
          – 1.8 m) Two-lane      road safety 
 
          Rural roads        
 
              
 
    Adding new  Before-after,  PDO crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 25%  positive effect on 
 
          – 1.8 m) Two-lane      road safety 
 
          Rural roads        
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Author, Year, 
  
Exposure 
  
Study Type 
  
Outcome 
  
Effects for road safety* 
  
Main 
 
 
            
 
 Country   variable      variable /       outcome -  
 
          Outcome       description  
 
          type         
 
                   
 
                   
 
    Adding new  Before-after,  Fatal crashes on  ↗ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction =  negative effect 
 
          – 2.4 m) Two-lane   -11%   on road safety 
 
          Rural roads        
 
              
 
    Adding new  Before-after,  Injury crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 8%  positive effect on 
 
          – 2.4 m) Two-lane      road safety 
 
          Rural roads        
 
              
 
    Adding new  Before-after,  PDO crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 43%  positive effect on 
 
          – 2.4 m) Two-lane      road safety 
 
          Rural roads        
 
              
 
    Adding new  Before-after,  Fatal crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 7%  positive effect on 
 
          – 1.2 m) Multilane      road safety 
 
          Urban roads        
 
              
 
    Adding new  Before-after,  Injury crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 2%  positive effect on 
 
          – 1.2 m) Multilane      road safety 
 
          Urban roads        
 
              
 
    Adding new  Before-after,  PDO crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 3%  positive effect on 
 
          – 1.2 m) Multilane      road safety 
 
          Urban roads        
 
              
 
    Adding new  Before-after,  Fatal crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 17%  positive effect on 
 
          – 1.8 m) Multilane      road safety 
 
          Urban roads        
 
              
 
    Adding new  Before-after,  Injury crashes on   Percent accident  Non-significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 0%  effect on road 
 
          – 1.8 m) Multilane      safety 
 
          Urban roads        
 
              
 
    Adding new  Before-after,  PDO crashes on   Percent accident  Non-significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 0%  effect on road 
 
          – 1.8 m) Multilane      safety 
 
          Urban roads        
 
              
 
    Adding new  Before-after,  Fatal crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 23%  positive effect on 
 
          – 2.4 m) Multilane      road safety 
 
          Urban roads        
 
              
 
    Adding new  Before-after,  Injury crashes on 
 
 ↗ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = -6%  negative effect 
 
          – 2.4 m) Multilane      on road safety 
 
          Urban roads        
 
              
 
    Adding new  Before-after,  PDO crashes on  ↗ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = -6%  negative effect 
 
          – 2.4 m) Multilane      on road safety 
 
          Urban roads        
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Author, Year, 
  
Exposure 
  
Study Type 
  
Outcome 
  
Effects for road safety* 
  
Main 
 
 
            
 
 Country   variable      variable /       outcome -  
 
          Outcome       description  
 
          type         
 
                   
 
                   
 
    Adding new  Before-after,  Fatal crashes on  ↗ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = -7%  negative effect 
 
          – 1.2 m) Two-lane      on road safety 
 
          Urban roads        
 
              
 
    Adding new  Before-after,  Injury crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 2%  positive effect on 
 
          – 1.2 m) Two-lane      road safety 
 
          Urban roads        
 
              
 
    Adding new  Before-after,  PDO crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 10%  positive effect on 
 
          – 1.2 m) Two-lane      road safety 
 
          Urban roads        
 
              
 
    Adding new  Before-after,  Fatal crashes on  ↗ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = -9%  negative effect 
 
          – 1.8 m) Two-lane      on road safety 
 
          Urban roads        
 
              
 
    Adding new  Before-after,  Injury crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 7%  positive effect on 
 
          – 1.8 m) Two-lane      road safety 
 
          Urban roads        
 
              
 
    Adding new  Before-after,  PDO crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 20%  positive effect on 
 
          – 1.8 m) Two-lane      road safety 
 
          Urban roads        
 
              
 
    Adding new  Before-after,  Fatal crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction =  positive effect on 
 
          – 2.4 m) Two-lane   -11%   road safety 
 
          Urban roads        
 
              
 
    Adding new  Before-after,  Injury crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 37%  positive effect on 
 
          – 2.4 m) Two-lane      road safety 
 
          Urban roads        
 
              
 
    Adding new  Before-after,  PDO crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 23%  positive effect on 
 
          – 2.4 m) Two-lane      road safety 
 
          Urban roads        
 
            
 
Li et al., 2013,  Adding new  Before-after,  Fatal crashes on  ↘ Percent accident  Significant 
 
United States  paved shoulders  Empirical Bayes  shoulder width (0   reduction = 14%  positive effect on 
 
          – 1.2 m) /      road safety 
 
          Interstate Rural        
 
          roads        
 
              
 
    Adding new  Before-after,  Injury crashes on  ↗ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction =  negative effect 
 
          – 1.2 m) /   -10%   on road safety 
 
          Interstate Rural        
 
          roads        
 
              
 
    Adding new  Before-after,  PDO crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 30%  positive effect on 
 
          – 1.2 m) /      road safety 
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Author, Year, 
   
Exposure 
  
Study Type 
   
Outcome 
  
Effects for road safety* 
   
Main 
 
 
               
 
 Country    variable       variable /        outcome -  
 
            Outcome        description  
 
            type          
 
                      
 
                      
 
            Interstate Rural         
 
            roads         
 
                 
 
     Adding new  Before-after,   Fatal crashes on  ↘ Percent accident   Significant 
 
     paved shoulders  Empirical Bayes   shoulder width (0   reduction = 11%   positive effect on 
 
            – 1.8 m) /       road safety 
 
            Interstate Rural         
 
            roads         
 
                 
 
     Adding new  Before-after,   Injury crashes on  ↗ Percent accident   Significant 
 
     paved shoulders  Empirical Bayes   shoulder width (0   reduction =   negative effect 
 
            – 1.8 m) /   -15%    on road safety 
 
            Interstate Rural         
 
            roads         
 
                 
 
     Adding new  Before-after,   PDO crashes on  ↘ Percent accident   Significant 
 
     paved shoulders  Empirical Bayes   shoulder width (0   reduction = 43%   positive effect on 
 
            – 1.8 m) /       road safety 
 
            Interstate Rural         
 
            roads         
 
                 
 
     Adding new  Before-after,   Fatal crashes on  ↘ Percent accident   Significant 
 
     paved shoulders  Empirical Bayes   shoulder width (0   reduction = 8%   positive effect on 
 
            – 2.4 m) /       road safety 
 
            Interstate Rural         
 
            roads         
 
                 
 
     Adding new  Before-after,   Injury crashes on  ↗ Percent accident   Significant 
 
     paved shoulders  Empirical Bayes   shoulder width (0   reduction = -7%   negative effect 
 
            – 2.4 m) /       on road safety 
 
            Interstate Rural         
 
            roads         
 
                 
 
     Adding new  Before-after,   PDO crashes on  ↘ Percent accident   Significant 
 
     paved shoulders  Empirical Bayes   shoulder width (0   reduction = 62%   positive effect on 
 
            – 2.4 m) /       road safety 
 
            Interstate Rural         
 
            roads         
 
                 
 
     Adding new  Before-after,   Fatal crashes on  ↘ Percent accident   Significant 
 
     paved shoulders  Empirical Bayes   shoulder width (0   reduction = 2%   positive effect on 
 
            – 1.2 m)       road safety 
 
            Interstate Urban         
 
            roads         
 
                 
 
     Adding new  Before-after,   Injury crashes on  ↘ Percent accident   Significant 
 
     paved shoulders  Empirical Bayes   shoulder width (0   reduction = 1%   positive effect on 
 
            – 1.2 m)       road safety 
 
            Interstate Urban         
 
            roads         
 
                 
 
     Adding new  Before-after,   PDO crashes on  ↘ Percent accident   Significant 
 
     paved shoulders  Empirical Bayes   shoulder width (0   reduction = 46%   positive effect on 
 
            – 1.2 m)       road safety 
 
            Interstate Urban         
 
            roads         
 
                 
 
     Adding new  Before-after,   Fatal crashes on  ↘ Percent accident   Significant 
 
     paved shoulders  Empirical Bayes   shoulder width (0   reduction = 3%   positive effect on 
 
            – 1.8 m)       road safety 
 
            Interstate Urban         
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 Author, Year, 
  
Exposure 
  
Study Type 
  
Outcome 
  
Effects for road safety* 
  
Main 
 
 
            
 
 Country   variable      variable /       outcome -  
 
          Outcome       description  
 
          type         
 
                   
 
                   
 
          roads        
 
              
 
    Adding new  Before-after,  Injury crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 5%  positive effect on 
 
          – 1.8 m)      road safety 
 
          Interstate Urban        
 
          roads        
 
              
 
    Adding new  Before-after,  PDO crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 48%  positive effect on 
 
          – 1.8 m)      road safety 
 
          Interstate Urban        
 
          roads        
 
              
 
    Adding new  Before-after,  Fatal crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 4%  positive effect on 
 
          – 2.4 m)      road safety 
 
          Interstate Urban        
 
          roads        
 
              
 
    Adding new  Before-after,  Injury crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 4%  positive effect on 
 
          – 2.4 m)      road safety 
 
          Interstate Urban        
 
          roads        
 
              
 
    Adding new  Before-after,  PDO crashes on  ↘ Percent accident  Significant 
 
    paved shoulders  Empirical Bayes  shoulder width (0   reduction = 23%  positive effect on 
 
          – 2.4 m)      road safety 
 
          Interstate Urban        
 
          roads        
 
                   
  
*Significant effects on road safety are coded as: positive (↘), negative (↗) or non-significant ( ) 
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1 Summary 
 
 
 
Usami D. S., June 2017 
 
1.1 COLOUR CODE: LIGHT GREEN. 
Several studies have proven the positive effect of increasing shoulder width on road safety. However, for 
some circumstances (e.g. injury and property damage only shoulder related crashes on multilane roads) 
significant negative estimates were found. 
1.2 KEYWORDS 
Shoulder, shoulder width, paved shoulder, composite shoulder, run-off-road crashes 
 
 
1.3 ABSTRACT 
Increasing shoulder width relates to increasing the space available to drivers to perform an emergency stop 
or manoeuvering or to recover the vehicle in case of an error. Results of the studies focusing on widening 
shoulders on road safety indicate that increasing the shoulder width appears to significantly reduce crash 
occurrence. However, under specific circumstances and considering shoulder related crashes, increasing 
shoulder width may lead to an increase of accidents. All research studies identified were carried out in the 
United States. 
1.4 BACKGROUND 
1.4.1 What is increasing shoulder width? 
A shoulder is a surface immediately beyond the carriageway edge line, commonly used to provide a n  
emergency lane, parking lane, bicycle or pedestrian lane. Increasing shoulder width means increasing 
the space available for drivers to perform an emergency stop or to recover the vehicle in case of leaving 
the travelled way. 
 
 
1.4.2 How does increasing shoulder width affect road safety? 
Shoulders have several functions, including emergency stop and pull away, and helping stray vehicles 
regain control, recover from error and resume normal travel (AASHTO, 2004, in Stamatiadis et al., 2009). 
Wider shoulders would provide more space for motor vehicles for correcting errors and for other road 
users such as pedestrians and cyclists; this space can be used to increase the distance between vulnerable 
road users and motor vehicle traffic. However, the provision of wider shoulders can also have a 
conflicting effect on driving behaviour; encouraging higher operating speed (Ben Bassar & Shinar, 2011) 
because of the availability of a wider space for recovering from a lane departure. 
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1.4.3 Which safety outcomes are affected by increasing shoulder width? 
In the international literature, the effect of increasing shoulder width on road safety has been measured 
mainly using the accident frequency (number of accidents occurring). 
 
 
1.4.4 How is the effect of increasing shoulder width studied? 
International literature indicated that the effect of increasing shoulder width is evaluated by 
conducting (quasi-)experimental before-after studies and cross-sectional studies. Case-control and 
cohort methods have been used. 
 
 
1.5 OVERVIEW RESULTS 
1.5.1 Main results 
According to results in the identified international literature, it seems that increasing shoulder width has 
a positive effect on road safety. However, results may vary according to the target accident, the 
specific context examined and the analysis method adopted. Widening shoulders in rural two-way 
roadways was found to have a significant positive effect on road safety in four studies; though, one 
study reported a moderate increase in fatal shoulder related accidents. Similar results (confirming an 
increase in the number of crashes in some cases) are found both for rural multilane and interstate 
roadways and for urban two-lane, multilane and interstate roadways. A meta-regression was applied in 
order to identify which study characteristics (moderator variables) affect the overall estimate. The 
results indicate that the year of the study and the evaluation method are the core predictors of the 
overall estimate. More specifically, recent studies and studies adopting non EB before-after methods are 
likely to provide lower estimates of crash modification factors. 
 
 
1.5.2 Transferability 
Overall, since 6 recent studies were found, the topic has been studied to a sufficient extent. Potential 
transferability of results is unclear, since all retrieved studies are related to the United States. 
 
 
1.6 NOTES ON ANALYSIS METHODS 
In general, the coded studies are of good quality and are methodologically sound. In one case, the standard 
error was not reported. 
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2 Scientific overview 
 
 
 
2.1 LITERATURE REVIEW 
2.1.1 Analysis of study designs and methods 
Overall six studies on the effect of widening shoulders were selected and coded. All the studies focused on 
accident frequency. One of them considered the total number of accidents as outcome indicator (Gross & 
Jovanis, 2007;), while Li et al., (2013) used a specific crash type (i.e. shoulder related crashes1). All the others 
evaluate the effects both on the total number of crashes and for specific crash types. Any crashes that 
occurred in the intersection influence area were not considered. 
 
Two studies used the Empirical Bayes before-after design (Li et al., 2011; Park et al., 2014). Three studies 
used a cross-sectional approach (Abdel-Rahim & Sonnen, 2012; Zeng et al., 2013; Park et al, 2016). One 
study adopted a case control and cohort method (Gross & Jovanis, 2007). 
 
All studies identified focused on motor-vehicles with the exception of Park et al, (2016) who considered 
bicycle crashes. The effects have been studied under various conditions: on both urban and rural areas for 
multilane and two-lane road segments. 
 
All research studies were undertaken in the United States. 
 
Table 1 illustrates an overview of the main aspects of the coded studies (sample, method and outcome). 
 
 
 
Table 1 Description of coded studies 
 
Author(s), Year, 
Country 
Sample and study design Exposure variable: 
Increasing shoulder 
width 
Outcome indicator 
Abdel-Rahim & 
Sonnen, 2012; USA - 
Idaho 
Cross-sectional using crash from 
127 rural two-lane two-way 
roadway segments. Results 
estimated for all road segments 
and for only low traffic volume 
segments 
 
From 0.9 to 1.2m 
From 0.9 to 1.5m 
From 0.9 to 1.8m 
From 0.9 to 2.1m 
From 0.9 to 2.4m 
Number of crashes distinguished 
by severity (all severities, injury 
crashes) and crash type (all, single 
vehicle, multiple vehicle) 
Gross & Jovanis, 
2007; USA - 
Pennsylvania 
Case Control & Cohort methods 
(results from cohort method 
used) using crash data from about 
26,000 rural two-lane undivided 
highway segments 
 
From 1.8 to 2.1m 
From 1.8 to 2.4m 
From 1.8 to 2.7m 
From 1.8 to >2.7m 
Number of total crashes 
    
1 "Run-off-road right, then head-on and sideswiped with a vehicle in the opposite direction; Run-off-road right, then 
sideswiped with a vehicle in the same direction of multilane highways; Run-off-road right, then collided with fixed 
object on the right; Run-off-road right, then collided with fixed object on the left; Run-off-road right, then overturned 
in road or roadside involving single vehicle; and Run-off-road right, then overturned in road or roadside involving 
multiple vehicles" (Li e al., 2013) 
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Li et al. 2013; USA - 
Illinois 
Empirical Bayes Before-After 
analysis using crash data from 233 
treated road segments and 7,968 
untreated segments from 2000-2006 
in Illinois (US) (rural and urban two- 
lane and multilane segments) 
 
From 1.2 to 1.8m 
From 1.2 to 2.4m 
From 1.8 to 2.4m 
Number of shoulder related 
crashes (including fixed object, 
head on, run off road, sideswipe) 
distinguished by severity (fatal, 
serious & minor injury, property 
damage only) 
Park et al, 2014; 
USA - Florida 
EB method + Cross-sectional 
(results from EB method 
considered) using crash data 
from 442 rural multilane 
roadway segments 
 
From unspecified to 
unspecified 
From 1.2-1.8 to unspecified 
From 2.4-3.6 to unspecified 
Number of crashes distinguished 
by severity (all severities, injury 
crashes) and crash type (all, single 
vehicle run off road) 
Park et al, 2016; 
USA - Florida 
Cross-sectional using data from 
6,420 urban two-lane or 
multilane divided roadway 
segments 
From 0.6 to 1.2m 
From 0.6 to 1.8m 
From 0.6 to 2.4m 
From 0.6 to 3.0m 
From 0.6 to 3.6m 
Number of crashes distinguished 
by severity (all severities, fatal & 
injury, fatal & serious injury) and 
crash type (all, bicycle crashes) 
Zeng et al., 2013; 
USA - Kansas 
Cross-sectional using crash data 
from 29 rural two-lane roadway 
segments 
 
From <1.5 unpaved to >1.5m 
unpaved shoulder 
From <1.5 unpaved to >1.5m 
paved shoulder 
Number of crashes distinguished 
by severity (all severities, injury 
crashes) and crash type (All, 
shoulder related (including run- 
off-road, head-on, and 
sideswipe)) 
 
2.1.2 Study results 
From the effects of the increase in shoulder width on road safety it seems that widening shoulders 
significantly reduces crash occurrence. Results may vary according to the target accident, the specific 
context examined and the analysis method adopted. 
 
Increasing shoulder width in rural two-lane segments. Based on cross-sectional studies (Abdel-Rahim & 
Sonnen, (2012), Zeng et al. (2013)) widening shoulders in rural two-way roadways has a positive significant 
effect on road safety (i.e. reduction in crashes). According to Abdel-Rahim & Sonnen, (2012) widening 
shoulders from 0.9 m to 2.4m and more leads to an average reduction in road crashes of approximately 13 
percent. Low-volume road segments (traffic volume lower than 400 vehicles per day) experienced a similar 
reduction of crashes with an average value of 12 percent. For single vehicle crashes the reduction seems to 
be higher w h e n  widening shoulders up to 1.8 meters, while lower effects are observed for a shoulder 
width above 1.8m. A decrease is confirmed also by Zeng et al. (2013) when comparing narrow unpaved 
shoulders (< 1.5 m) to wide unpaved shoulders (> 1.5 m). The reduction is higher for shoulder related 
crashes. Li et al. (2013) used an observational before-after method and found a significant positive effect 
in  widening shoulders up to 2.4 m for shoulder related injury and property damage only accidents, but they 
also found a moderate increase in fatal accidents (3-7%). Gross and Jovanis, (2007) estimated safety the 
effects of shoulder width using case control and cohort methods. The results of the two methods 
showed that crashes decrease as shoulder width increases. 
 
Increasing shoulder width in rural multilane and interstate road segments. Based on the EB before-after 
studies of Park et al. (2014) and Li et al. (2013), widening shoulders in rural multilane and interstate 
roadways does not  have  a clear effect on road safety. Park et al. (2014) found a decrease in total, fatal 
and injury crashes; the higher decrease value (43%) is related to single vehicle run off road injury 
crashes (including fatal). Based on Li et al.’s (2013) results, while fatal shoulder related crashes slightly 
decrease (2-5%) with an increment of shoulder width, injury and property damage only crashes increase.  
A different picture is observed for interstate rural roads. In this case, property damage only shoulder related 
crashes decrease substantially (up to 33%), injury crashes decrease only when widening from 1.2 to 2.4 
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meters and from 1.8 to 2.4 meters. Fatal crashes are found to slightly increase (up to 6%). 
 
Increasing shoulder width in urban two-lane, multilane and interstate segments. Increasing shoulder 
width on urban two-lane, multilane and interstate roadways seems to have different road safety effects. 
Based on a EB before-after study (Li et al., 2013), the number of injury and property damage only crashes 
on two-lane roads seems to decrease while fatal crashes seem to slightly increase. In contrast, on urban 
multilane roads, injury and property damage only crashes seem to increase while fatal crashes seem to 
decrease. On urban interstate roads increasing shoulder width up to 1.8 meters seems to have a positive 
effect on road safety, while increasing width up to 2.4 meters has negative effect on property damage only 
crashes and positive or no effect on fatal and injury crashes. Considering the effects of widening shoulders 
on urban two-lane and multilane roads on all crashes and on bike crashes, it seems that all severity 
crashes, fatal and injury crashes and fatal and serious injury crashes consistently decreased as shoulder 
widths increased (Park et al., 2016). 
 
 
2.1.3 Description of analysis carried out 
Considering the number of studies using before-after methods and the heterogeneity of study sampling 
frames it was decided that neither a meta-analysis nor a vote-count analysis could be conducted. However, 
a review-type analysis was undertaken and a meta-regression was applied to identify the study 
characteristics (moderator variables) influencing the overall estimate. 
The results above present a positive effect of widening shoulders. It can be summarised that the treatment 
mainly leads to significant positive effects. At the same time and under certain conditions the increase of 
shoulder width showed significant negative effects, although only a small proportion. Hence, on the basis 
of both study and effect numbers, it can be argued that the increase of shoulder width has a positive effect 
on road safety. There were clearly more significant positive than negative effects listed. 
 
 
Meta-regression 
In order to further explain the heterogeneity in the existing effects reported in the literature, a meta- 
regression analysis was carried out. Only 5 out of 6 studies were used for the meta-regression analysis, the 
results from Abdel-Rahim & Sonnen (2012) have been removed since they lack the standard error 
estimates. Summary results are provided in Table 2. 
 
 
Table 2 Summary estimates of meta-regression model for shoulder width. 
 
Moderator Variable Estimate Standard Error p-value 
Constant term 32.6821 14.7339 0.0289 
Case-Control -0.5195 0.0755 <0.0001 
Not stated (before-after or cross-section) -0.2290 0.0727 0.0022 
Regression cross-section -0.1208 0.0303 0.0001 
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Publication Year -0.0158 0.0073 0.0337 
EB Before-after study (reference category) - - - 
 
 
Results indicate that the main moderator variables (study characteristics) affecting the overall estimate of 
increasing shoulder width effects are the publication year and methodology adopted by the study. The test 
for residual heterogeneity is significant (QE = 4298.1, df = 98, p < 0.001), possibly indicating that other 
moderators not considered in the model are influencing the measure effectiveness. I n  moredetail, the 
negative sign of the beta coefficient for the publication year shows that more recent studies are more likely 
to report higher estimates of Crash Modification Factors (CMFs). The estimates of CMF in studies using EB 
before-after methodology (reference case) are in general higher than those reported in studies using case-
control, cross-sectional and other not stated methods (before-after or cross-section). 
 
A funnel plot was firstly produced to detect potential publication bias. No publication bias exists. The 
regression test for funnel plot asymmetry was not significant (t-value = -0.8997, p-value = 0.3705) 
suggesting no publication bias. Figure 1 illustrates the funnel plot. 
 
 
Figure 1 Funnel plot (without correcting for publication bias) 
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2.2 CONCLUSION 
Studies on the effect of increasing shoulder width on road safety identified in the international literature 
mainly focus on accident frequency. 
The studies identified indicate that the increase of shoulder width is associated with a statistically 
significant reduction in crash occurrence. However, under specific circumstances when considering 
shoulder related crashes, increasing shoulder width may lead to an increase of crashes. 
 
Results seem to be influenced by the publication year and by the evaluation method used. This result can 
be emphasised by the findings of the review-type analysis above. 
 
 
SafetyCube | Synopsis on Shoulder & roadside treatments – Increase shoulder width | WP5 9  
3 Supporting document 
 
 
 
3.1 METHODOLOGY 
3.1.1 Literature Search strategy 
The literature search was conducted in January-March 2017. The search strategy aimed at identifying the 
best quality and most  recent studies to estimate the effectiveness of shoulder related treatments. 
During the screening phase, the search focused on increasing shoulder width. 
 
Only recent journal studies (after 1995) in the field of Engineering and Social science were considered from 
“Scopus” And “TRID” database. 
 
Search terms used to identify relevant papers included, but were not limited to: “shoulder”, “effect”, 
“evaluation”. Detailed search terms, as well as their linkage with logical operators and combined queries 
are shown in Tables 3 and 4. A total of 483 pieces of potentially eligible studies were identified (Table 5). 
After a preliminary abstract screening of text, 2 studies were found to be eligible to the topic. Other 
already known or during the literature search occasionally (e.g. via Google) found studies were added as 
additional studies (3). The reference lists of the studies were only partly checked. 
Table 3 Literature search strategy (Scopus database) - Date: 3rd January 2017 
 
search no. search terms / operators / combined queries hits 
#1 ALL ( ( "shoulder*" ) W/0 ( " " OR "hard" OR "road" ) AND ( "effect*" OR "evaluation" 
OR "impact*" ) AND ( "safety" ) ) AND DOCTYPE ( ar OR re ) AND PUBYEAR > 1995 
AND SRCTYPE ( j ) AND LANGUAGE ( english ) AND SUBJAREA ( engi OR soci ) 
45 
#2 (“Road “ OR “traffic”) W/0 (“casualt*” OR “fatalit*” OR “accident*” OR “crash*” OR 
“collision*” OR “injur*”) AND DOCTYPE ( ar OR re ) AND PUBYEAR > 1995 AND 
SRCTYPE ( j ) AND LANGUAGE ( english ) AND SUBJAREA ( engi OR soci) 
15,451 
#3 #1 AND #2 41 
 
 
Table 4 Literature search strategy (TRID database)- Date: 3rd January 2017 
 
search no. search terms / operators / combined queries hits 
#1 Keywords ("shoulder" AND ("effect" OR "evaluation") in Highways, Safety and Human 
Factors, Transportation (General) 
442 
*Results limited to studies published from 2005 
 
Table 5 Results Literature Search 
 
Database Hits 
Scopus (remaining papers after several limitations/exclusions) 41 
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TRID 442 
Total number of studies to screen title/ abstract 483 
 
 
 
 
3.1.1 Exploratory analysis of results 
 
Table 6 presents information on the main outcomes of coded studies on increasing shoulder width. 
 
Table 6 Main outcomes of coded studies for increase shoulder width 
 
Author, 
Year, Country 
Exposure variable Study Type Outcome variable / 
Outcome type 
Effects for road 
safety (CMF)* 
Main outcome - 
description 
Gross, F. and Jovanis, 
P. P., 2007, USA 
Widen shoulder 
(from 6 to 7 ft) 
Case-Control CMF (Rural - Two- 
lane - All crashes - 
Severity: All) 
1.01 Significant negative 
effect on road safety 
 Widen shoulder 
(from 6 to 8 ft) 
Case-Control CMF (Rural - Two- 
lane - All crashes - 
Severity: All) 
0.96 Significant positive 
effect on road safety 
 Widen shoulder 
(from 6 to 9 ft) 
Case-Control CMF (Rural - Two- 
lane - All crashes - 
Severity: All) 
0.79 Significant positive 
effect on road safety 
 Widen shoulder 
(from 6 to >9 ft) 
Case-Control CMF (Rural - Two- 
lane - All crashes - 
Severity: All) 
0.82 Significant positive 
effect on road safety 
Abdel-Rahim, A. and J. 
Sonnen, 2012, USA 
Widen paved 
shoulder from 3 ft to 
4 ft 
Regression cross- 
section 
CMF (Rural - Two- 
lane - All crashes - 
Severity: All) 
0.97 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 3 ft to 
4 ft 
Regression cross- 
section 
CMF (Rural - Two- 
lane - Single vehicle 
crashes - Severity: 
All) 
0.95 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 3 ft to 
4 ft 
Regression cross- 
section 
CMF (Rural - Two- 
lane - Multiple 
vehicle crashes - 
Severity: All) 
0.97 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 3 ft to 
4 ft 
Regression cross- 
section 
CMF (Rural - Two- 
lane - All crashes - 
Severity: All) 
0.98 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 3 ft to 
4 ft 
Regression cross- 
section 
CMF (Rural - Two- 
lane - Single vehicle 
crashes - Severity: 
All) 
0.94 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 3 ft to 
4 ft 
Regression cross- 
section 
CMF (Rural - Two- 
lane - Multiple 
vehicle crashes - 
Severity: All) 
0.97 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 3 ft to 
Regression cross- 
section 
CMF (Rural - Two- 
lane - All crashes - 
0.95 Significant positive 
effect on road safety 
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Author, 
Year, Country 
Exposure variable Study Type Outcome variable / 
Outcome type 
Effects for road 
safety (CMF)* 
 Main outcome - 
description 
 5 ft  Severity: All)    
 Widen paved 
shoulder from 3 ft to 
5 ft 
Regression cross- 
section 
CMF (Rural - Two- 
lane - Single vehicle 
crashes - Severity: 
All) 
 0.93 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 3 ft to 
5 ft 
Regression cross- 
section 
CMF (Rural - Two- 
lane - Multiple 
vehicle crashes - 
Severity: All) 
 0.95 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 3 ft to 
5 ft 
Regression cross- 
section 
CMF (Rural - Two- 
lane - All crashes - 
Severity: All) 
 0.94 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 3 ft to 
5 ft 
Regression cross- 
section 
CMF (Rural - Two- 
lane - Single vehicle 
crashes - Severity: 
All) 
 0.94 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 3 ft to 
5 ft 
Regression cross- 
section 
CMF (Rural - Two- 
lane - Multiple 
vehicle crashes - 
Severity: All) 
 0.93 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 3 ft to 
6 ft 
Regression cross- 
section 
CMF (Rural - Two- 
lane - All crashes - 
Severity: All) 
 0.93 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 3 ft to 
6 ft 
Regression cross- 
section 
CMF (Rural - Two- 
lane - Single vehicle 
crashes - Severity: 
All) 
 0.91 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 3 ft to 
6 ft 
Regression cross- 
section 
CMF (Rural - Two- 
lane - Multiple 
vehicle crashes - 
Severity: All) 
 0.94 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 3 ft to 
6 ft 
Regression cross- 
section 
CMF (Rural - Two- 
lane - All crashes - 
Severity: All) 
 0.93 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 3 ft to 
6 ft 
Regression cross- 
section 
CMF (Rural - Two- 
lane - Single vehicle 
crashes - Severity: 
All) 
 0.9 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 3 ft to 
6 ft 
Regression cross- 
section 
CMF (Rural - Two- 
lane - Multiple 
vehicle crashes - 
Severity: All) 
 0.94 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 3 ft to 
7 ft 
Regression cross- 
section 
CMF (Rural - Two- 
lane - All crashes - 
Severity: All) 
 0.91 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 3 ft to 
7 ft 
Regression cross- 
section 
CMF (Rural - Two- 
lane - Single vehicle 
crashes - Severity: 
All) 
 0.92 Significant positive 
effect on road safety 
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Author, 
Year, Country 
Exposure variable Study Type Outcome variable / 
Outcome type 
Effects for road 
safety (CMF)* 
Main outcome - 
description 
 Widen paved 
shoulder from 3 ft to 
7 ft 
Regression cross- 
section 
CMF (Rural - Two- 
lane - Multiple 
vehicle crashes - 
Severity: All) 
0.89 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 3 ft to 
7 ft 
Regression cross- 
section 
CMF (Rural - Two- 
lane - All crashes - 
Severity: All) 
0.9 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 3 ft to 
7 ft 
Regression cross- 
section 
CMF (Rural - Two- 
lane - Single vehicle 
crashes - Severity: 
All) 
0.92 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 3 ft to 
7 ft 
Regression cross- 
section 
CMF (Rural - Two- 
lane - Multiple 
vehicle crashes - 
Severity: All) 
0.88 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 3 ft to 
8 ft 
Regression cross- 
section 
CMF (Rural - Two- 
lane - All crashes - 
Severity: All) 
0.87 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 3 ft to 
8 ft 
Regression cross- 
section 
CMF (Rural - Two- 
lane - Single vehicle 
crashes - Severity: 
All) 
0.9 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 3 ft to 
8 ft 
Regression cross- 
section 
CMF (Rural - Two- 
lane - Multiple 
vehicle crashes - 
Severity: All) 
0.83 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 3 ft to 
8 ft 
Regression cross- 
section 
CMF (Rural - Two- 
lane - All crashes - 
Severity: All) 
0.88 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 3 ft to 
8 ft 
Regression cross- 
section 
CMF (Rural - Two- 
lane - Single vehicle 
crashes - Severity: 
All) 
0.91 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 3 ft to 
8 ft 
Regression cross- 
section 
CMF (Rural - Two- 
lane - Multiple 
vehicle crashes - 
Severity: All) 
0.84 Significant positive 
effect on road safety 
Zeng, H., S. Schrock, 
and T. Mulinazzi, 2013, 
USA 
Upgrade narrow 
unpaved shoulder (< 
5 ft) to wide unpaved 
shoulder (> 5 ft) 
Regression cross- 
section 
CMF (Rural - Two- 
lane - All crashes - 
Severity: All) 
0.71 Significant positive 
effect on road safety 
 Upgrade narrow 
unpaved shoulder (< 
5 ft) to wide unpaved 
shoulder (> 5 ft) 
Regression cross- 
section 
CMF (Rural - Two- 
lane - All crashes - 
Severity: Fatal, 
Serious injury, 
Minor injury) 
0.35 Significant positive 
effect on road safety 
 Upgrade narrow 
unpaved shoulder (< 
5 ft) to wide unpaved 
shoulder (> 5 ft) 
Regression cross- 
section 
CMF (Rural - Two- 
lane - Shoulder 
related crashes - 
Severity: All) 
0.21 Significant positive 
effect on road safety 
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Author, 
Year, Country 
Exposure variable Study Type Outcome variable / 
Outcome type 
Effects for road 
safety (CMF)* 
Main outcome - 
description 
Park, J., M. Abdel-Aty, 
and C. Lee, 2014, USA 
Widen shoulder Before/after using 
empirical Bayes or 
full Bayes 
CMF (Rural - 
Multilane - All 
crashes - Severity: 
All) 
0.771 Significant positive 
effect on road safety 
 Widen shoulder Before/after using 
empirical Bayes or 
full Bayes 
CMF (Rural - 
Multilane - All 
crashes - Severity: 
Fatal, Serious 
injury, Minor 
injury) 
0.688 Significant positive 
effect on road safety 
 Widen shoulder Before/after using 
empirical Bayes or 
full Bayes 
CMF (Rural - 
Multilane - Single 
vehicle crashes - 
Severity: All) 
0.607 Significant positive 
effect on road safety 
 Widen shoulder Before/after using 
empirical Bayes or 
full Bayes 
CMF (Rural - 
Multilane - Single 
vehicle crashes - 
Severity: Fatal, 
Serious injury, 
Minor injury) 
0.566 Significant positive 
effect on road safety 
 Widen shoulder Other before/after CMF (Rural - 
Multilane - All 
crashes - Severity: 
All) 
0.617 Significant positive 
effect on road safety 
 Widen shoulder Other before/after CMF (Rural - 
Multilane - All 
crashes - Severity: 
Fatal, Serious 
injury, Minor 
injury) 
0.5 Significant positive 
effect on road safety 
 Widen shoulder Other before/after CMF (Rural - 
Multilane - All 
crashes - Severity: 
All) 
0.817 Significant positive 
effect on road safety 
 Widen shoulder Other before/after CMF (Rural - 
Multilane - All 
crashes - Severity: 
Fatal, Serious 
injury, Minor 
injury) 
0.814 Significant positive 
effect on road safety 
Li, Z., K. 
Kepaptsoglou, Y. Lee, 
H. Patel, Y. Liu, and 
H.G. Kim., 2013, USA 
Widen paved 
shoulder from 4 ft to 
6 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Rural - 
Interstate - Shoulder 
related crashes - 
Severity: Fatal) 
1.03 Significant negative 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
6 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Rural - 
Multilane - Shoulder 
related crashes - 
Severity: Fatal) 
0.98 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
6 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Rural - Two- 
lane - Shoulder 
related crashes - 
Severity: Fatal) 
1.03 Significant negative 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
6 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Urban - 
Interstate - Shoulder 
related crashes - 
Severity: Fatal) 
0.99 Significant positive 
effect on road safety 
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Author, 
Year, Country 
Exposure variable Study Type Outcome variable / 
Outcome type 
Effects for road 
safety (CMF)* 
 Main outcome - 
description 
 Widen paved 
shoulder from 4 ft to 
6 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Urban - 
Multilane - Shoulder 
related crashes - 
Severity: Fatal) 
 0.9 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
6 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Urban - Two- 
lane - Shoulder 
related crashes - 
Severity: Fatal) 
 1.02 Significant negative 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
6 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Rural - 
Interstate - Shoulder 
related crashes - 
Severity: Serious 
injury, Minor injury) 
 1.05 Significant negative 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
6 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Rural - 
Multilane - Shoulder 
related crashes - 
Severity: Serious 
injury, Minor injury) 
 1.03 Significant negative 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
6 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Rural - Two- 
lane - Shoulder 
related crashes - 
Severity: Serious 
injury, Minor 
injury) 
 0.96 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
6 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Urban - 
Interstate - Shoulder 
related crashes - 
Severity: Serious 
injury, Minor injury) 
 0.96 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
6 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Urban - 
Multilane - Shoulder 
related crashes - 
Severity: Serious 
injury, Minor injury) 
 1.01 Significant negative 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
6 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Urban - Two- 
lane - Shoulder 
related crashes - 
Severity: Serious 
injury, Minor 
injury) 
 0.96 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
6 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Rural - 
Interstate - Shoulder 
related crashes - 
Severity: Property 
damage only (PDO)) 
 0.87 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
6 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Rural - 
Multilane - Shoulder 
related crashes - 
Severity: Property 
damage only (PDO)) 
 1.02 Significant negative 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
6 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Rural - Two- 
lane - Shoulder 
related crashes - 
Severity: Property 
damage only (PDO)) 
 0.77 Significant positive 
effect on road safety 
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Author, 
Year, Country 
Exposure variable Study Type Outcome variable / 
Outcome type 
Effects for road 
safety (CMF)* 
 Main outcome - 
description 
 Widen paved 
shoulder from 4 ft to 
6 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Urban - 
Interstate - Shoulder 
related crashes - 
Severity: Property 
damage only (PDO)) 
 0.98 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
6 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Urban - 
Multilane - Shoulder 
related crashes - 
Severity: Property 
damage only (PDO)) 
 1.04 Significant negative 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
6 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Urban - Two- 
lane - Shoulder 
related crashes - 
Severity: Property 
damage only (PDO)) 
 0.91 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Rural - 
Interstate - Shoulder 
related crashes - 
Severity: Fatal) 
 1.06 Significant negative 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Rural - 
Multilane - Shoulder 
related crashes - 
Severity: Fatal) 
 0.95 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Rural - Two- 
lane - Shoulder 
related crashes - 
Severity: Fatal) 
 1.07 Significant negative 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Urban - 
Interstate - Shoulder 
related crashes - 
Severity: Fatal) 
 0.98 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Urban - 
Multilane - Shoulder 
related crashes - 
Severity: Fatal) 
 0.84 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Urban - Two- 
lane - Shoulder 
related crashes - 
Severity: Fatal) 
 1.04 Significant negative 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Rural - 
Interstate - Shoulder 
related crashes - 
Severity: Serious 
injury, Minor injury) 
 0.98 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Rural - 
Multilane - Shoulder 
related crashes - 
Severity: Serious 
injury, Minor injury) 
 1.06 Significant negative 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Rural - Two- 
lane - Shoulder 
related crashes - 
Severity: Serious 
 0.93 Significant positive 
effect on road safety 
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Author, 
Year, Country 
Exposure variable Study Type Outcome variable / 
Outcome type 
Effects for road 
safety (CMF)* 
 Main outcome - 
description 
   injury, Minor injury)    
 Widen paved 
shoulder from 4 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Urban - 
Interstate - Shoulder 
related crashes - 
Severity: Serious 
injury, Minor injury) 
 0.97 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Urban - 
Multilane - Shoulder 
related crashes - 
Severity: Serious 
injury, Minor injury) 
 1.07 Significant negative 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Urban - Two- 
lane - Shoulder 
related crashes - 
Severity: Serious 
injury, Minor 
injury) 
 0.65 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Rural - 
Interstate - Shoulder 
related crashes - 
Severity: Property 
damage only (PDO)) 
 0.67 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Rural - 
Multilane - Shoulder 
related crashes - 
Severity: Property 
damage only (PDO)) 
 1.05 Significant negative 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Rural - Two- 
lane - Shoulder 
related crashes - 
Severity: Property 
damage only (PDO)) 
 0.59 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Urban - 
Interstate - Shoulder 
related crashes - 
Severity: Property 
damage only (PDO)) 
 1.23 Significant negative 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Urban - 
Multilane - Shoulder 
related crashes - 
Severity: Property 
damage only (PDO)) 
 1.09 Significant negative 
effect on road safety 
 Widen paved 
shoulder from 4 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Urban - Two- 
lane - Shoulder 
related crashes - 
Severity: Property 
damage only (PDO)) 
 0.87 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 6 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Rural - 
Interstate - Shoulder 
related crashes - 
Severity: Fatal) 
 1.03 Significant negative 
effect on road safety 
 Widen paved 
shoulder from 6 ft to 
Before/after using 
empirical Bayes or 
CMF (Rural - 
Multilane - Shoulder 
 0.97 Significant positive 
effect on road safety 
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Author, 
Year, Country 
Exposure variable Study Type Outcome variable / 
Outcome type 
Effects for road 
safety (CMF)* 
 Main outcome - 
description 
 8 ft full Bayes related crashes - 
Severity: Fatal) 
   
 Widen paved 
shoulder from 6 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Rural - Two- 
lane - Shoulder 
related crashes - 
Severity: Fatal) 
 1.04 Significant negative 
effect on road safety 
 Widen paved 
shoulder from 6 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Urban - 
Interstate - Shoulder 
related crashes - 
Severity: Fatal) 
 1 Non-significant 
effect on road safety 
 Widen paved 
shoulder from 6 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Urban - 
Multilane - Shoulder 
related crashes - 
Severity: Fatal) 
 0.93 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 6 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Urban - Two- 
lane - Shoulder 
related crashes - 
Severity: Fatal) 
 1.02 Significant negative 
effect on road safety 
 Widen paved 
shoulder from 6 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Rural - 
Interstate - Shoulder 
related crashes - 
Severity: Serious 
injury, Minor injury) 
 0.92 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 6 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Rural - 
Multilane - Shoulder 
related crashes - 
Severity: Serious 
injury, Minor injury) 
 1.02 Significant negative 
effect on road safety 
 Widen paved 
shoulder from 6 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Rural - Two- 
lane - Shoulder 
related crashes - 
Severity: Serious 
injury, Minor 
injury) 
 0.97 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 6 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Urban - 
Interstate - Shoulder 
related crashes - 
Severity: Serious 
injury, Minor injury) 
 1.01 Significant negative 
effect on road safety 
 Widen paved 
shoulder from 6 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Urban - 
Multilane - Shoulder 
related crashes - 
Severity: Serious 
injury, Minor injury) 
 1.06 Significant negative 
effect on road safety 
 Widen paved 
shoulder from 6 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Urban - Two- 
lane - Shoulder 
related crashes - 
Severity: Serious 
injury, Minor 
injury) 
 0.69 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 6 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Rural - 
Interstate - Shoulder 
related crashes - 
Severity: Property 
damage only (PDO)) 
 0.81 Significant positive 
effect on road safety 
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Author, 
Year, Country 
Exposure variable Study Type Outcome variable / 
Outcome type 
Effects for road 
safety (CMF)* 
Main outcome - 
description 
 Widen paved 
shoulder from 6 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Rural - 
Multilane - Shoulder 
related crashes - 
Severity: Property 
damage only (PDO)) 
1.04 Significant negative 
effect on road safety 
 Widen paved 
shoulder from 6 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Rural - Two- 
lane - Shoulder 
related crashes - 
Severity: Property 
damage only (PDO)) 
0.82 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 6 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Urban - 
Interstate - Shoulder 
related crashes - 
Severity: Property 
damage only (PDO)) 
1.25 Significant negative 
effect on road safety 
 Widen paved 
shoulder from 6 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Urban - 
Multilane - Shoulder 
related crashes - 
Severity: Property 
damage only (PDO)) 
1.05 Significant negative 
effect on road safety 
 Widen paved 
shoulder from 6 ft to 
8 ft 
Before/after using 
empirical Bayes or 
full Bayes 
CMF (Urban - Two- 
lane - Shoulder 
related crashes - 
Severity: Property 
damage only (PDO)) 
0.97 Significant positive 
effect on road safety 
J. Park, M. Abdel-Aty, 
2016, USA 
Widen paved 
shoulder from 2 ft to 
4 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - All 
crashes - Severity: 
All) 
0.924 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
4 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - All 
crashes - Severity: 
Fatal, Serious injury, 
Minor injury) 
0,933 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
4 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - All 
crashes - Severity: 
Fatal, Serious injury) 
0.941 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
4 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - All 
crashes - Severity: 
Fatal, Serious injury) 
0.937 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
6 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - All 
crashes - Severity: 
All) 
0.854 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
6 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - All 
crashes - Severity: 
Fatal, Serious injury, 
Minor injury) 
0.87 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - All 
0.886 Significant positive 
effect on road safety 
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Author, 
Year, Country 
Exposure variable Study Type Outcome variable / 
Outcome type 
Effects for road 
safety (CMF)* 
Main outcome - 
description 
 6 ft  crashes - Severity: 
Fatal, Serious 
injury) 
  
 Widen paved 
shoulder from 2 ft to 
6 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - All 
crashes - Severity: 
Fatal, Serious injury) 
0.878 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
8 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - All 
crashes - Severity: 
All) 
0.789 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
8 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - All 
crashes - Severity: 
Fatal, Serious injury, 
Minor injury) 
0.812 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
8 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - All 
crashes - Severity: 
Fatal, Serious injury) 
0.834 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
8 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - All 
crashes - Severity: 
Fatal, Serious injury) 
0.823 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
10 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - All 
crashes - Severity: 
All) 
0.73 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
10 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - All 
crashes - Severity: 
Fatal, Serious injury, 
Minor injury) 
0.758 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
10 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - All 
crashes - Severity: 
Fatal, Serious injury) 
0.785 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
10 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - All 
crashes - Severity: 
Fatal, Serious injury) 
0.772 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
12 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - All 
crashes - Severity: 
All) 
0.674 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
12 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - All 
crashes - Severity: 
Fatal, Serious injury, 
Minor injury) 
0.707 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - All 
0.739 Significant positive 
effect on road safety 
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Author, 
Year, Country 
Exposure variable Study Type Outcome variable / 
Outcome type 
Effects for road 
safety (CMF)* 
Main outcome - 
description 
 12 ft  crashes - Severity: 
Fatal, Serious 
injury) 
  
 Widen paved 
shoulder from 2 ft to 
12 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - All 
crashes - Severity: 
Fatal, Serious injury) 
0.723 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
4 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - 
bike crashes - 
Severity: All) 
0.874 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
4 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - 
bike crashes - 
Severity: Fatal, 
Serious injury, 
Minor injury) 
0.873 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
4 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - 
bike crashes - 
Severity: Fatal, 
Serious injury) 
0.884 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
6 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - 
bike crashes - 
Severity: All) 
0.764 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
6 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - 
bike crashes - 
Severity: Fatal, 
Serious injury, 
Minor injury) 
0.762 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
6 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - 
bike crashes - 
Severity: Fatal, 
Serious injury) 
0.781 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
8 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - 
bike crashes - 
Severity: All) 
0.668 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
8 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - 
bike crashes - 
Severity: Fatal, 
Serious injury, 
Minor injury) 
0.665 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
8 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - 
bike crashes - 
Severity: Fatal, 
Serious injury) 
0.69 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - 
0.584 Significant positive 
effect on road safety 
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Author, 
Year, Country 
Exposure variable Study Type Outcome variable / 
Outcome type 
Effects for road 
safety (CMF)* 
 Main outcome - 
description 
 10 ft  bike crashes - 
Severity: All) 
   
 Widen paved 
shoulder from 2 ft to 
10 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - 
bike crashes - 
Severity: Fatal, 
Serious injury, 
Minor injury) 
 0.58 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
10 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - 
bike crashes - 
Severity: Fatal, 
Serious injury) 
 0.61 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
12 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - 
bike crashes - 
Severity: All) 
 0.51 Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
12 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - 
bike crashes - 
Severity: Fatal, 
Serious injury, 
Minor injury) 
0.506  Significant positive 
effect on road safety 
 Widen paved 
shoulder from 2 ft to 
12 ft 
Regression cross- 
section 
CMF (Urban - Two- 
lane & Multilane - 
bike crashes - 
Severity: Fatal, 
Serious injury) 
0.539  Significant positive 
effect on road safety 
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1 Summary 
 
Kunsoan Noella, June 2017 
 
1.1 COLOUR CODE: GREY 
Only two studies were found to investigate the effects of “change shoulder type” on road safety. The 
effects are somewhat unclear. It seems the change of shoulder type from unpaved to paved 
shoulders reduces crash occurrence. However, for some circumstances (e.g. fatal and injury accidents 
on shoulder width greater than 2.44 m for rural interstate roads, fatal accidents on shoulder width of 
1.83 m for rural two-lane roads, fatal accidents on shoulder width of 2.44 m for rural two-lane roads, 
fatal accidents on shoulder width > 2.44 m for rural two-lane roads, injury and damage only accidents 
on shoulder width >2.44 m for urban interstate roads) significant negative estimates were presented.  
 
1.2 KEYWORDS 
 
Highway, shoulder, paving, hard shoulder. 
 
1.3 ABSTRACT 
Results of the studies focusing on the effects of “change shoulder type” on road safety indicate that 
the change of shoulder type appears to significantly reduce crash occurrence thereby having a 
positive effect on road safety.  However, changing shoulder type from unpaved to paved shoulder 
was negatively effective for fatal and injury accidents on shoulder width greater than 2.44m on rural 
interstate roads, fatal accidents on shoulder width of 1.83m on rural two-lane roads, fatal accidents 
on shoulder width of 2.44m on rural two-lane roads, fatal accidents on shoulder width > 2.44m on 
rural two-lane roads and injury and damage only accidents on shoulder width >2.44m for urban 
interstate roads. All the research was carried out in the United States. 
 
1.4 BACKGROUND 
1.4.1 What is meant by change shoulder type? 
A shoulder is a strip of land immediately adjacent to the traffic lane of a road and serves as an 
emergency stopping lane by the verge of a road or motorway . The shoulder may be sealed in the 
case of highways and major roads, but it is typically unsealed and of a lesser depth and perhaps 
constructed of inferior material than the adjacent traffic lane. It can be situated on the right in 
countries which drive on the right, or on the left in left-side driving countries.The change of shoulder 
type refers to a change from unpaved to paved shoulders, and therefore to paving the deteriorated 
shoulders. Paved shoulders provide additional space to help stray vehicles recover control of their 
vehicle before a run-off-road collision occurs (Bamzai, Lee, & Li, 2011). 
1.4.2 How does changing shoulder type affect road safety? 
Paved shoulders provide numerous safety benefits for road users. Installing or widening paved 
shoulders provides a stable surface off the roadway for pedestrians to use when pavements cannot 
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be provided. In addition, it reduces numerous crash types including ROR crashes. It improves 
roadway drainage, increases effective turning radii at intersections and provides emergency 
stopping space for broken-down vehicles. Shoulders provide additional recovery space for errant 
vehicles and lateral support for the pavement structure. 
1.4.3 Which safety outcomes are affected by change shoulder type? 
In international literature, the effect of the change of shoulder type on road safety has been 
measured mainly on the basis of accident frequency (number of crashes occurring). However, some 
studies focused on accident severity (fatal, injury and PDO). 
1.4.4 How is the effect of change shoulder type studied? 
 
The effect of changing shoulder type is usually examined through Empirical Bayes, before-after 
studies comparing the frequency of accidents on roads with unpaved shoulders to those on roads 
with paved shoulders. 
 
  
1.5 OVERVIEW RESULTS 
1.5.1 Main results 
Regarding the effects of the change of shoulder type on road safety identified in the international 
literature, it seems that the change of shoulder types relating to paving shoulders for rural and urban 
Interstate, multilane, and two-lane highways leads to a statistically significantly crash reduction 
(Bamzai et al., 2011). Shoulder paving appears to be effective in reducing shoulder-related fatal, 
injury and PDO crashes for all paved widths. According to results of the EB approach, upgrading 
narrow shoulders to composite shoulders has a significant safety effect on shoulder related crashes 
with a CMF of 0.39. It also has considerable effects in fatal and injury crashes with a CMF of 0.69. 
Overall, the total CMF for this treatment was estimated to be 0.86 (Zeng, Schrock, & Mulinazzi, 
2013). 
1.5.2 Transferability 
Overall, since only 2 studies were found, there is inadequate evidence that the topic has been 
studied to a sufficient extent. Research only focused on crashes with motor vehicles and both 
studies were carried out in the United States. 
 
 
1.6 NOTES ON ANALYSIS METHODS 
The synopsis is mainly based on two studies. In both studies an EB before-after approach was used 
for the analysis. The two studies were coded and used for a review type analysis. 
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2 Scientific overview 
 
 
2.1 LITERATURE REVIEW 
2.1.1 Analysis of study designs and methods 
Overall two studies on the effect of changing shoulder type were selected and coded. The studies 
focused on accident frequency and severity (fatal, injury and PDO). 
Studies focusing on accident frequency and severity used the Empirical Bayes before-after designs 
(Bamzai et al., 2011; Zeng et al., 2013).  
All the research was undertaken in the United States. 
 
Table 1 illustrates an overview of the main aspects of coded study (sample, method and outcome). 
 
Table 1 Description of coded studies 
Author(s), 
Year, Country 
Sample and study design 
 
Method of analysis Outcome indicator 
Bamzai et al., 2011, 
United States 
Empirical Bayes Before-After analysis using crash 
data from 233 treated road segments and 7,968 
untreated segments from 2000-2006 in Illinois (US) 
Before-After Analysis of 
Crash frequency 
Number of Total, Fatal and 
Injury and Shoulder-
Related Crashes 
Zeng et al., 2013, 
United States 
Empirical Bayes Before-After analysis using crash 
data from 204 road segments from 2000-2009 in 
Kansas (US) 
Before-After Analysis of 
Crash frequency 
Number of Total, Fatal and 
Injury and Shoulder-
Related Crashes 
 
 
2.1.2 Study results 
From the effects of changing shoulder type on road safety it seems that shoulder type change 
significantly reduces crash occurrence. For the change of shoulder type, studies on accident 
frequency mostly show a reduction of crash occurrence. In his before-after study, Zeng et al. (2013) 
indicates that the change of shoulder type from narrow unpaved shoulders to composite shoulders 
can reduce shoulder related crashes by up to 61% and fatal and injury crashes by 31%. It was also 
found that wide paved shoulders can provide more safety benefit than composite shoulders, and 
wide unpaved shoulders can provide slightly less safety benefit than composite shoulders. 
 
Further results from Bamzai et al. (2011) on the safety impacts of paving shoulders for rural 
interstate highways reveal that shoulder paving is effective when paved shoulder width after 
treatment does not go beyond 8 ft. For paving the existing paved shoulder of a rural interstate 
highway, shoulder paving appears to be effective in reducing shoulder-related fatal, injury, and PDO 
crashes for all paved widths. 
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Like rural interstate highways, all urban interstate highways maintain at least 4ft wide pavement. 
Resurfacing the existing paved shoulder is effective in reducing shoulder-related fatal, injury, and 
PDO crashes for all paved widths. However, resurfacing a 6ft paved shoulder could achieve highest 
crash reductions. In addition, resurfacing the existing paved shoulder of a rural multilane highway is 
effective in reducing shoulder-related fatal, injury, and PDO crashes for all paved widths. 
Likewise, resurfacing the existing paved shoulder for urban multilane highways, is effective in 
reducing shoulder-related fatal, injury, and PDO crashes for all paved widths. 
Furthermore, resurfacing the existing paved shoulder of a rural two-lane highway is effective in 
reducing shoulder-related injury and PDO crashes for all paved widths. Paving the existing shoulder 
is also effective in reducing shoulder-related fatal crashes when the paved shoulder width does not 
exceed 4ft. 
 
Safety impacts of paving  shoulders for urban two-lane highways reveal that resurfacing the existing 
paved shoulder of an urban two-lane highway is effective in reducing shoulder-related fatal, injury, 
and PDO crashes for all paved shoulder widths. However, the best outcomes for shoulder 
treatments are achieved when paving 8ft wide paved shoulders. 
 
 
2.1.3 Description of analysis carried out 
Review-type analysis 
Considering the number of studies with the relevant estimates it was decided that neither a meta-
analysis nor a vote-count analysis can be conducted but rather a review-type analysis was chosen.  
The results above present a positive effect of changing shoulder type. It can be summarised that the 
change of shoulder type leads mainly to significant positive effects. At the same time and under 
certain conditions the change of shoulder type showed significant negative effects, although only a 
small proportion.   
Therefore, on the basis of both study and effect numbers, it can be argued that the change of 
shoulder type has a mixed effect of road safety. There were clearly more significant positive than 
negative effects listed. As mentioned before, the chosen studies are of sufficient quality and mainly 
consistent in their results. However, only two studies were identified and negative effects were also 
found. Hence, a grey colour code was assigned.  
 
2.2 CONCLUSION 
Studies on the effect of changing shoulder type on road safety identified in the international 
literature mainly focus on accident frequency and severity.  
The studies identified indicate that the change of shoulder type from unpaved to paved shoulder is 
associated with both a statistically significant reduction and increase in crash occurrence.  
In the final analysis, the change of shoulder type seems to have mixed results on crash occurrence as 
emphasised by the findings of the review-type analysis above.  
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3 Supporting document 
 
 
3.1 METHODOLOGY 
3.1.1 Literature Search strategy 
 
The literature search was conducted in January-March 2017. The search strategy aimed at 
identifying the best quality and most recent studies to estimate the effectiveness of changing 
shoulder type. During the screening phase the search focused on the change of shoulder type. 
Studies in the field of Engineering and Social science were considered from “Scopus” and “TRID” 
database. No “grey” literature was examined. 
Search terms used to identify relevant papers included, but were not limited to: “shoulder”, “road”, 
“safety”. Detailed search terms, as well as their linkage with logical operators and combined queries 
are shown in Tables 2 and 3. A total of 56 pieces of potentially eligible studies were identified (Table 
4). After a preliminary abstract screening text, 2 studies were found to be eligible to the topic (Table 
6). 
 
 
Table 2 Literature search strategy (Scopus database) - Date: 3rd January 2017 
search no. search terms / operators / combined queries hits 
#1 ALL ( ( "shoulder*" )  W/0  ( " "  OR  "hard"  OR  "road" )  AND  ( "effect*"  
OR  "evaluation"  OR  "impact*" )  AND  ( "safety" ) )  AND  DOCTYPE ( ar  
OR  re )  AND  PUBYEAR  >  1995  AND  SRCTYPE ( j )  AND  LANGUAGE 
( english )  AND  SUBJAREA ( engi  OR  soci )   
45 
#2 (“casualt*” OR “fatalit*” OR “accident*” OR “crash*” OR “collision*” OR 
“injur*”) AND DOCTYPE ( ar OR re ) AND PUBYEAR > 2014 AND 
SRCTYPE ( j ) AND LANGUAGE ( english ) AND SUBJAREA ( engi OR 
soci) 
44,314 
#3 #1 AND #2 43 
 
 
Table 4 Results Literature Search 
Database Hits 
Scopus (remaining papers after several limitations/exclusions) 43 
TRID 13 
Total number of studies to screen title/ abstract 56 
 
 
Table 5 Screening results 
Total number of studies to screen title/ abstract 56 
-De-duplication 1 
-exclusion criteria A (e.g. part of a meta-analysis) 2 
-exclusion criteria B (e.g. no risk / no measure) 48 
-exclusion criteria C  
-exclusion criteria D  
Remaining studies  
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Not clear (full-text is needed)  
Studies to obtain full-texts 5 
 
 
Table 6 Eligibility results 
Total number of studies to screen full-text 5 
Full-text could be obtained  
Reference list examined Y/N  
Eligible papers 2 
 
 
The final 2 studies included in the synopsis do not give adequate evidence that the topic has been 
investigated to a sufficient extent. The prioritising criteria for coding were the following, however all 
studies that were codable and suitable for the topic were coded. 
 
- Prioritising Step A (e.g. meta-analysis first) 
- Prioritising Step B (most recent studies) 
- Prioritising Step C (Journals over conferences and reports) 
- Prioritising Step D (Prestigious journals over other journals and conference papers) 
 
No meta-analysis was found. 
 
3.1.2 Exploratory analysis of results 
Table 7 presents information on the main outcomes of coded studies on change shoulder type 
 
Table 7 Main outcomes of coded studies on change shoulder type 
Author, 
Year, 
Country 
Exposure 
variable 
 
Study 
Type 
Outcome variable / 
Outcome type 
Effects for road 
safety* 
Main outcome -
description 
Zeng et al., 
2011, United 
States 
Narrow unpaved 
shoulder width 
=<1.5 meters 
Before-after, 
Empirical 
Bayes 
Shoulder-related crash 
(fatal; injury) / Rural road 
↘ CMF=0.335 Significant positive 
effect on road safety 
Wide unpaved 
shoulder width 
>1.5 meters 
Before-after, 
Empirical 
Bayes 
Shoulder-related crash 
(fatal; injury) / Rural road 
↘ Unspecified 
CMF 
Significant positive 
effect on road safety 
Composite 
Shoulder 
 
Before-after, 
Empirical 
Bayes 
Shoulder-related crash 
(fatal; injury) / Rural road 
↘ CMF=0.639 Significant positive 
effect on road safety 
Narrow unpaved 
shoulder width 
=<1.5 meters 
Before-after, 
Empirical 
Bayes 
All crashes (fatal; injury) / 
Rural road 
↘ CMF=0.442 Significant positive 
effect on road safety 
Wide unpaved 
shoulder width 
>1.5 meters 
Before-after, 
Empirical 
Bayes 
All crashes (fatal; injury) / 
Rural road 
↘ Unspecified 
CMF 
Significant positive 
effect on road safety 
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Author, 
Year, 
Country 
Exposure 
variable 
 
Study 
Type 
Outcome variable / 
Outcome type 
Effects for road 
safety* 
Main outcome -
description 
Composite 
Shoulder 
 
Before-after, 
Empirical 
Bayes 
All crashes (fatal; injury) / 
Rural road 
↘ CMF=0.708 Significant positive 
effect on road safety 
Bamzai et al., 
2011, United 
Staes 
Paving for all 
widths 
Before-after Fatal crashes on shoulder 
width (1.22 m) / Rural 
interstate roads 
↘ 
% reduction = 
6% SD (0,01) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Injury crashes on shoulder 
width (1.22 m) / Rural 
interstate roads 
↘ 
% reduction = 
5% SD (0,001) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after PDO crashes on shoulder 
width (1.22 m) / Rural 
interstate roads 
↘ 
% reduction = 
20% SD (0,01) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Fatal crashes on shoulder 
width (1.83m) / Rural 
interstate roads 
↘ 
% reduction = 
5% SD (0,004) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Injury crashes on shoulder 
width (1.83 m) / Rural 
interstate roads 
↘ 
% reduction = 
2% SD (0,001) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after PDO crashes on shoulder 
width (1.83 m) / Rural 
interstate roads 
↘ 
% reduction = 
27% SD (0,04) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Fatal crashes on shoulder 
width (2.44 m) / Rural 
interstate roads 
↘ 
% reduction = 
3% SD (0,003) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Injury crashes on shoulder 
width (2.44 m) / Rural 
interstate roads 
↘ 
% reduction = 
6% SD (0,01) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after PDO crashes on shoulder 
width (2.44 m) / Rural 
interstate roads 
↘ 
% reduction = 
36% SD (0,08) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Fatal crashes on shoulder 
width (>2.44 m) / Rural 
interstate roads 
↗ 
% reduction = -
19% SD (0,07) 
Significant negative 
effect on road safety 
Paving for all 
widths 
Before-after Injury crashes on shoulder 
width (>2.44 m) / Rural 
interstate roads 
↗ 
% reduction = -
80% SD (0,03) 
Significant negative 
effect on road safety 
Paving for all 
widths 
Before-after PDO crashes on shoulder 
width (>2.44 m) / Rural 
interstate roads 
↘ 
% reduction = 
5% SD (0,005) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Fatal crashes on shoulder 
width (0.61 m) / Rural 
multilane roads 
↘ 
% reduction = 
19% SD (0,04) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Injury crashes on shoulder 
width (0.61 m) / Rural 
multilane roads 
↘ 
% reduction = 
3% SD (0,02) 
Significant positive 
effect on road safety 
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Author, 
Year, 
Country 
Exposure 
variable 
 
Study 
Type 
Outcome variable / 
Outcome type 
Effects for road 
safety* 
Main outcome -
description 
Paving for all 
widths 
Before-after PDO crashes on shoulder 
width (0.61 m) / Rural 
multilane roads 
↘ 
% reduction = 
15% SD (0,03) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Fatal crashes on shoulder 
width (1.22 m) / Rural 
multilane roads 
↘ 
% reduction = 
19% SD (0,04) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Injury crashes on shoulder 
width (1.22 m) / Rural 
multilane roads 
↘ 
% reduction = 
3% SD (0,08) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after PDO crashes on shoulder 
width (1.22 m) / Rural 
multilane roads 
↘ 
% reduction = 
20% SD (0,04) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Fatal crashes on shoulder 
width (1.83 m) / Rural 
multilane roads 
↘ 
% reduction = 
20% SD (0,04) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Injury crashes on shoulder 
width (1.83 m) / Rural 
multilane roads 
↘ 
% reduction = 
1% SD (0,001) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after PDO crashes on shoulder 
width (1.83 m) / Rural 
multilane roads 
↘ 
% reduction = 
19% SD (0,01) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Fatal crashes on shoulder 
width (2.44 m) / Rural 
multilane roads 
↘ 
% reduction = 
22% SD (0,05) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Injury crashes on shoulder 
width (2.44 m) / Rural 
multilane roads 
 
% reduction = 
0% SD (0) 
Non-significant effect 
on road safety 
Paving for all 
widths 
Before-after PDO crashes on shoulder 
width (2.44 m) / Rural 
multilane roads 
↘ 
% reduction = 
18% SD (0,002) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Fatal crashes on shoulder 
width (0.61 m) / Rural Two-
lane roads 
↘ 
% reduction = 
3% SD (0,001) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Injury crashes on shoulder 
width (0.61 m) / Rural Two-
lane roads 
↘ 
% reduction = 
4% SD (0,08) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after PDO crashes on shoulder 
width (0.61 m) / Rural Two-
lane roads 
↘ 
% reduction = 
8% SD (0,02) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Fatal crashes on shoulder 
width (1.22 m) / Rural Two-
lane roads 
↘ 
% reduction = 
1% SD (0) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Injury crashes on shoulder 
width (1.22 m) / Rural Two-
lane roads 
↘ 
% reduction = 
4% SD (0,03) 
Significant positive 
effect on road safety 
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Author, 
Year, 
Country 
Exposure 
variable 
 
Study 
Type 
Outcome variable / 
Outcome type 
Effects for road 
safety* 
Main outcome -
description 
Paving for all 
widths 
Before-after PDO crashes on shoulder 
width (1.22 m) / Rural Two-
lane roads 
↘ 
% reduction = 
10% SD (0,004) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Fatal crashes on shoulder 
width (1.83 m) / Rural Two-
lane roads 
↗ 
% reduction = -
1% SD (0,02) 
Significant negative 
effect on road safety 
Paving for all 
widths 
Before-after Injury crashes on shoulder 
width (1.83 m) / Rural Two-
lane roads 
↘ 
% reduction = 
6% SD (0,01) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after PDO crashes on shoulder 
width (1.83 m) / Rural Two-
lane roads 
↘ 
% reduction = 
21% SD (0,02) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Fatal crashes on shoulder 
width (2.44 m) / Rural Two-
lane roads 
↗ 
% reduction = -
2% SD (0,03) 
Significant negative 
effect on road safety 
Paving for all 
widths 
Before-after Injury crashes on shoulder 
width (2.44 m) / Rural Two-
lane roads 
↘ 
% reduction = 
8% SD (0,01) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after PDO crashes on shoulder 
width (2.44 m) / Rural Two-
lane roads 
↘ 
% reduction = 
30% SD (0,02) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Fatal crashes on shoulder 
width (>2.44 m) / Rural Two-
lane roads 
↗ 
% reduction = -
10% SD (0,11) 
Significant negative 
effect on road safety 
Paving for all 
widths 
Before-after Injury crashes on shoulder 
width (>2.44 m) / Rural Two-
lane roads 
↘ 
% reduction = 
6% SD (0,002) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after PDO crashes on shoulder 
width (>2.44 m) / Rural Two-
lane roads 
↘ 
% reduction = 
7% SD (0,01) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Fatal crashes on shoulder 
width (1.22 m) / Urban 
Interstate 
↘ 
% reduction = 
1% SD (0,002) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Injury crashes on shoulder 
width (1.22 m) / Urban 
Interstate 
↘ 
% reduction = 
3% SD (0,02) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after PDO crashes on shoulder 
width (1.22 m) / Urban 
Interstate 
↘ 
% reduction = 
27% SD (0,03) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Fatal crashes on shoulder 
width (1.83 m) / Urban 
Interstate 
↘ 
% reduction = 
2% SD (0,001) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Injury crashes on shoulder 
width (1.83 m) / Urban 
Interstate 
↘ 
% reduction = 
5% SD (0) 
Significant positive 
effect on road safety 
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Author, 
Year, 
Country 
Exposure 
variable 
 
Study 
Type 
Outcome variable / 
Outcome type 
Effects for road 
safety* 
Main outcome -
description 
Paving for all 
widths 
Before-after PDO crashes on shoulder 
width (1.83 m) / Urban 
Interstate 
↘ 
% reduction = 
28% SD (0,03) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Fatal crashes on shoulder 
width (2.44 m) / Urban 
Interstate 
↘ 
% reduction = 
2% SD (0,001) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Injury crashes on shoulder 
width (2.44 m) / Urban 
Interstate 
↘ 
% reduction = 
5% SD (0,03) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after PDO crashes on shoulder 
width (2.44 m) / Urban 
Interstate 
↘ 
% reduction = 
16% SD (0,02) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Fatal crashes on shoulder 
width (>2.44 m) / Urban 
Interstate 
↘ 
% reduction = 
4% SD (0,002) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Injury crashes on shoulder 
width (>2.44 m) / Urban 
Interstate 
↗ 
% reduction = -
22% SD (0,13) 
Significant negative 
effect on road safety 
Paving for all 
widths 
Before-after PDO crashes on shoulder 
width (>2.44 m) / Urban 
Interstate 
↗ 
% reduction = -
6% SD (0,11) 
Significant negative 
effect on road safety 
Paving for all 
widths 
Before-after Fatal crashes on shoulder 
width (0.61 m) / Urban 
Multilane 
↘ 
% reduction = 
5% SD (0,001) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Injury crashes on shoulder 
width (0.61 m) / Urban 
Multilane 
↘ 
% reduction = 
5% SD (0,02) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after PDO crashes on shoulder 
width (0.61 m) / Urban 
Multilane 
↘ 
% reduction = 
9% SD (0) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Fatal crashes on shoulder 
width (1.22 m) / Urban 
Multilane 
↘ 
% reduction = 
7% SD (0,01) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Injury crashes on shoulder 
width (1.22 m) / Urban 
Multilane 
↘ 
% reduction = 
5% SD (0,004) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after PDO crashes on shoulder 
width (1.22 m) / Urban 
Multilane 
↘ 
% reduction = 
10% SD (0,02) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Fatal crashes on shoulder 
width (1.83 m) / Urban 
Multilane 
↘ 
% reduction = 
12% SD (0,02) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Injury crashes on shoulder 
width (1.83 m) / Urban 
Multilane 
↘ 
% reduction = 
4% SD (0,003) 
Significant positive 
effect on road safety 
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Author, 
Year, 
Country 
Exposure 
variable 
 
Study 
Type 
Outcome variable / 
Outcome type 
Effects for road 
safety* 
Main outcome -
description 
Paving for all 
widths 
Before-after PDO crashes on shoulder 
width (1.83 m) / Urban 
Multilane 
↘ 
% reduction = 
8% SD (0,06) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Fatal crashes on shoulder 
width (2.44 m) / Urban 
Multilane 
↘ 
% reduction = 
11,5% SD (0,03) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Fatal crashes on shoulder 
width (2.44 m) / Urban 
Multilane 
↘ 
% reduction = 
1% SD (0,001) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Fatal crashes on shoulder 
width (2.44 m) / Urban 
Multilane 
↘ 
% reduction = 
5% SD (0,02) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Fatal crashes on shoulder 
width (0.61 m) / Urban Two-
lane 
↘ 
% reduction = 
3% SD (0) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Injury crashes on shoulder 
width (0.61 m) / Urban Two-
lane 
↘ 
% reduction = 
3% SD (0,02) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after PDO crashes on shoulder 
width (0.61 m) / Urban Two-
lane 
↘ 
% reduction = 
5% SD (0,05) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Fatal crashes on shoulder 
width (1.22 m) / Urban Two-
lane 
↘ 
% reduction = 
2% SD (0,001) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Injury crashes on shoulder 
width (1.22 m) / Urban Two-
lane 
↘ 
% reduction = 
4% SD (0,04) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after PDO crashes on shoulder 
width (1.22 m) / Urban Two-
lane 
↘ 
% reduction = 
6% SD (0,03) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Fatal crashes on shoulder 
width (1.83 m) / Urban Two-
lane 
↘ 
% reduction = 
2% SD (0,001) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Injury crashes on shoulder 
width (1.83 m) / Urban Two-
lane 
↘ 
% reduction = 
5% SD (0,04) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after PDO crashes on shoulder 
width (1.83 m) / Urban Two-
lane 
↘ 
% reduction = 
9% SD (0,02) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Fatal crashes on shoulder 
width (2.44 m) / Urban Two-
lane 
↘ 
% reduction = 
1% SD (0,001) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Injury crashes on shoulder 
width (2.44 m) / Urban Two-
lane 
↘ 
% reduction = 
12% SD (0,11) 
Significant positive 
effect on road safety 
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Author, 
Year, 
Country 
Exposure 
variable 
 
Study 
Type 
Outcome variable / 
Outcome type 
Effects for road 
safety* 
Main outcome -
description 
Paving for all 
widths 
Before-after PDO crashes on shoulder 
width (2.44 m) / Urban Two-
lane 
↘ 
% reduction = 
10% SD (0,01) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Fatal crashes on shoulder 
width (>2.44 m) / Urban 
Two-lane 
↘ 
% reduction = 
2% SD (0,002) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after Injury crashes on shoulder 
width (>2.44 m) / Urban 
Two-lane 
↘ 
% reduction = 
28% SD (0,02) 
Significant positive 
effect on road safety 
Paving for all 
widths 
Before-after PDO crashes on shoulder 
width (>2.44 m) / Urban 
Two-lane 
↘ 
% reduction = 
11% SD (0,002) 
Significant positive 
effect on road safety 
*Significant effects on road safety are coded as: positive (↘), negative (↗) or non-significant () 
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1  SUMMARY 
1.1 Colour code: Light Green 
Explanation: 
On a basis of both study and effect numbers, the installation and changing the type of safety barriers 
appear to have positive effects on road safety. However, there are cases when their impact is negative 
or inconclusive, but these are a minority compared to the results of all the studies. Furthermore, the 
coded studies encompass several topics and have good levels of quality and consistency. For the 
reasons mentioned above, the overall impact of installation and replacement of safety barriers is 
characterized as light green (probably effective), always depending on the exact measure implemented 
(e.g. some specific barrier types are better than others). 
1.2 Keywords 
safety barriers; barrier change; guardrail measures; shoulder treatments; roadside treatments  
1.3 Abstract 
Roadside barriers are widely used as safety devices to mitigate the effects of crashes and to avoid run-
off-road accidents, containing vehicles and redirecting them back to the carriageway. The presence of 
safety barriers affects road safety causing a reduction of severe crashes (i.e. fatal, serious, slight injury). 
Six high quality studies regarding various safety barriers installation and replacement were coded. On 
a basis of both study and effect numbers, it can be argued that safety barriers create positive impacts 
on road safety. One meta-analysis reported significant fatality increases, and mixed results for injuries. 
Three other studies reported mostly significant decreases in crash frequency, while another claimed a 
positive effect on reducing crash severity without statistical verification. No significant effects were 
found on driving speed and lateral position, while mostly positive effect on test indices (ASI, THIV, PHD) 
were found, but no statistical data are provided.  
1.4 Background 
1.4.1 Definition of safety barriers 
The purpose of a road safety barrier is to eliminate highly hazardous events such as head-on collisions, 
collisions with immobile objects, and rollover crashes. Unlike most traffic safety treatments, which are 
focused on preventing crashes from occurring, barriers affect the consequence of crashes by preventing 
high-risk events from happening while exposing vehicles to other less risky events, such as collisions 
with barriers.  
1.4.2 How do safety barriers affect road safety? 
Safety barriers are used to stop vehicles from leaving the road surface and hitting roadside hazards or 
crossing into the path of oncoming vehicles. The results of the coded studies showed a reduction in the 
severity of crashes, i.e. reductions in fatal and injury run-off-road accidents, reductions in total fatal and 
injury crashes both in dual and single carriageway. In addition to this, single vehicle crashes with heavy 
vehicles are also reduced. It’s worth noting that a barrier reduces the risk of high-risk events, but it 
introduces the risk of barrier collisions and increases the risk of redirecting vehicles back into traffic. 
1.4.3 Which safety outcomes are affected by safety barriers? 
The reviewed studies focus on various outcomes. In some studies, the focus lies on estimating the 
reduction in the number of crashes due to the presence of safety barriers, either with an absolute 
difference between exposed and non-exposed sites or with the calculation of the crash modification 
factors. In addition to this, one study investigated the effects of safety barriers on driving speed and 
lateral position and a further study also analysed the values of three relevant injury criteria, i.e. ASI 
(Acceleration Severity Index), THIV (Theoretical Head Impact Velocity) and PHD (post-impact head 
deceleration). 
1.4.4 How is the effect of safety barriers on road safety studied? 
The international literature has examined a variety of different approaches and ways to study the effect 
of safety barriers presence. Often this measure is examined alongside others (i.e. median barriers, etc.) 
and not by itself, and its examination is adjusted to the models selected to capture the entire situation 
for the given case. The most common approach to test the effectiveness of safety barriers is a 
comparison before and after the installation or replacement or a comparison between exposed and 
non-exposed sites. 
1.4.5 Overview of results 
Safety barriers tend to mostly increase the level of road safety. A decrease in number and severity of 
crashes is observed both for the installation of roadside barriers and for the upgrading of barriers to 
new European standards. However, the meta-analysis coded for this synopsis, reports a statistically 
significant increase in fatalities for cars when changing from concrete barriers to guardrails (75%) and a 
similar significant increase in injuries for PTWs for the same measure (42%). This essentially means that 
colliding with a steel type compared to concrete type guardrail appears to increase the risk of fatality, 
but reduces the risk of injury (injury exacerbation).  
Conversely, no significant findings were found for vehicle driving speed and lateral position. Finally, 
simulation results from a study concerning tunnel’s emergency stop area show that none of the barriers 
considered (H2-type SSR and crash cushion) can provide total protection for the occupants of the 
vehicle in the event of a collision. The installation of a steel-sheet-tube crash cushion was, however, 
found to provide the best possible protection. 
1.4.6 Transferability 
The coded studies are based on data from several countries, such as Israel, Italy, Norway, Slovenia and 
the United States. It can be considered a broad sample, but there is still room for representation of 
other areas of the globe, such as Asian countries, and a respective gap of knowledge is observed, 
especially concerning less motorized regions. Some studies examine all motor vehicles, without 
differentiating for different road users, while other studies only focus on cars. Only one study 
distinguished between passenger vehicle and heavy vehicle crashes. 
1.4.7 Notes on analysis methods 
The methodology applied for capturing the impact of safety barriers on road safety varies considerably 
between studies. This is mainly in terms of the mathematical models utilised but also the outcomes 
evaluated as dependent variables. There is also a certain margin for investigating different road user 
categories and/or other geographical regions. All the above make the results for safety barriers 
generally transferable, though relative caution is always required. 
2 SCIENTIFIC OVERVIEW 
2.1 Analysis of study designs and methods 
After appropriate use of various search tools and databases, seven (7) high quality studies were selected 
and coded to evaluate the effectiveness of the installation and replacement of safety barriers on road 
safety. The first study was a meta-analysis (Elvik and Høye, 2014) which explored the risk of 
injury/fatality when colliding with different types of guardrail. Two studies (Park et al., 2016; Zou et al., 
2016) investigated the effects of the installation of safety barriers on crash reduction (comparing crash 
numbers), while Cafiso et al. (2015) and Gitelman et al. (2014) focused on the crash reduction due to the 
upgrading of safety barriers to new EN 1317 standards. Another study (Bella F., 2013) aimed at testing 
the effects that the installation of guardrail barriers (standard grey coloured and red and white striped) 
have on driving speed and the vehicle’s lateral position. This study also analysed the effects due to the 
replacement of standard guardrail barriers with red and white striped guardrail barriers. In the last study 
(Kunc et al.,2014) the values of three different indices (ASI, acceleration severity index, THIV, 
theoretical head impact velocity and PHD, post-impact head deceleration) were computed for several 
collision scenarios involving two different passenger vehicles colliding with two different safety barriers 
(H2-type steel safety railing-SSR & a crash cushion using cylindrical steel-sheet tubes). 
In order to examine the relationship between the various exposures and outcome indicators, the studies 
used either multivariate statistical models (i.e. MANOVA, etc.) or univariate statistical analysis 
methods (i.e. t-test). Two studies (Kunc et al., 2014; Zou et Al.,2016) did not mention any statistical 
analysis: in the first study a comparison between exposed and non-exposed sites is conducted, while in 
the second one a comparison between various indices and threshold values is performed. 
2.2 Literature Review 
The meta-analysis (Elvik and Høye, 2014) used estimates based on studies that compare the risk of 
injury/fatality when colliding with different types of guardrails for cars and PTWs. Using both random 
effects and fixed effects analyses, several configuration cases were examined. Among the most 
important findings is that it appears to be less dangerous to collide with a wire guardrail than with steel 
or concrete guardrails; however, the findings are not statistically significant. Colliding with a steel type 
compared to concrete type guardrail appears to increase the risk for fatality, but reduces the risk of 
injury for cars, while it only worsens injury rates for PTW drivers. 
The first of the studies examining crash reduction via CMF calculation (Park et al., 2016) uses the 
KABCO scale (K-fatal, A-incapacitating injury, B-non-incapacitating injury, C- possible injury, O-
property damage only). The study presents the safety effectiveness of roadside barriers (w-beam + 
concrete and w-beam guardrail only) on run-off-road (KABC) crashes and on both all and run-off-road 
(KAB) crashes. The effects of the installation of roadside barriers were also analysed for run-off-road 
crashes with different vehicles (passenger or heavy vehicle), drivers (young, middle and old aged 
drivers), weather (normal or rainy and wet surface) and time information (daytime and night time). The 
second study concerning CMFs (Zou et al., 2016) shows that a barrier reduces the risk of high-risk 
events, but it introduces the risk of barrier collisions and increases the risk of redirecting vehicles back 
to traffic. 
The third of the studies examining crash reduction via CMF calculation (Cafiso et al.,2015) reports a 
significant positive effect on run-off-road fatal and injury crashes and on total fatal and injury crashes 
due to the replacement of old barriers with new EN 1317 barriers. Similarly, Gitelman et al. (2014) 
showed a reduction in single-vehicle accidents with heavy vehicles on single-carriageway roads, and in 
severe single vehicle accidents and in total injury accidents, on dual-carriageway roads.  
When examining safety barriers, other outcomes are driving speed and the vehicle’s lateral position. 
Bella (2013) shows that driver behavior is not affected by roadside configurations. This means that the 
addition of a standard or red-and-white barrier on the right side of a rural road lined with trees had no 
effect on the driver’s speed and lateral position. 
Using various test indices (i.e. ASI, THIV, PHD), the last study (Kunc et al., 2014) shows that, due to the 
geometrical restrictions in the tunnel’s emergency stop area, none of the barriers (H2-type SSR and 
crash cushion) can provide total protection for the occupants of the vehicle in the event of a collision. 
The installation of a steel-sheet-tube crash cushion was, however, found to provide the best possible 
protection within the given limitations.  
An overview of the major features of the coded studies (sample, method, outcome and results) is 
illustrated in Table 1. Apart from their numbers, the studies are marked with [SBI] or [CT] to denote 
whether they originally belonged to safety barrier installation [SBI] or to change type of safety barriers 
[CT]. 
Number 
Author(s); 
Year; 
Country; 
Sampling frame for  
safety barriers investigation 
Method for safety barriers 
investigation 
Outcome indicator Main Result 
1  
[CT] 
Elvik, R. 
and Høye, 
A., 2014, 
Norway 
[meta-
analysis] 
Summary of effects that can be expected 
from comparing risk of accidents (fatal 
and injury) from hitting wire, steel or 
concrete guardrails along the roadside. 
Accident severity 
comparison [Meta-analysis 
with fixed and random 
effects] 
Accident 
fatality/injury risk 
[Percentage 
difference] 
It appears to be less dangerous to 
collide with a wire guardrail than 
with steel or concrete guardrails. 
The results are, however, not 
statistically significant, and the 
confidence intervals are large. 
2 
[SBI] 
[CT] 
Bella; 2013; 
Italy 
A two-lane rural road was designed and 
implemented on the driving simulator. 
The alignment was more than 8 km long 
and flat. Three roadside configurations 
were tested for each cross section. 
(absence of guardrail barrier; standard, 
grey colored, guardrail barrier; guardrail 
barrier with red and white stripes)  
Absolute difference 
comparison between 
exposed and non-exposed 
sites 
[With MANOVA] 
Driving speed 
[absolute 
difference];  
Lateral position 
[absolute 
difference] 
The results show that driver 
behaviour is only affected by cross-
sections and geometric elements 
but not by roadside configurations. 
The addition of a standard or red-
and-white barrier on the right side 
of a rural road lined with trees had 
no effect on the driver’s speed and 
lateral position. 
3 
[CT] 
Cafiso S., 
D'Agostino 
C., Persaud 
B.; 2015; 
Italy 
An Italian rural motorway, the A18 
Messina–Catania, which is approximately 
76 km (47.2 miles) long was considered. 
In the 12 years of analysis, 562 severe 
(fatal plus injury) crashes occurred. 
Empirical Bayes before-after 
approach 
CMF 
Results indicate reductions of 72% 
for run-off-road fatal and injury 
crashes and 38% in total fatal and 
injury crashes; this could be 
expected by upgrading an old 
safety barrier to new EU 1317 
standards. 
4 
[CT] 
Gitelman 
V., Carmel 
R., Doveh 
E., Pesahov 
F., Hakkert 
S.; 2014; 
Israel 
New barriers' installations on non-urban 
roads in Israel were considered. Based on 
a 2010 road survey, a database of 497 
road sections was prepared, including 
148 sections with higher presence of the 
new barriers. Explanatory models were 
fitted to 14 accident types. 
Multivariate statistical 
analysis  
[t-test] 
Total Injury crashes 
[slope] 
A clear safety benefit was 
demonstrated for dual-carriageway 
roads, indicating a 15% decrease in 
injury accidents when the new 
barriers are installed. A reduction of 
accidents in single-vehicle accidents 
with heavy vehicles on single-
carriageway roads, and in severe 
single vehicle accidents and in total 
injury accidents, on dual-
carriageway roads was observed. 
Number 
Author(s); 
Year; 
Country; 
Sampling frame for  
safety barriers investigation 
Method for safety barriers 
investigation 
Outcome indicator Main Result 
5 
[SBI] 
Kunc R., 
Omerovi´c 
S., 
Ambroˇz 
M., Prebil 
I.; 2014; 
Slovenia 
Simulation tests were performed on two 
different safety barriers for protecting 
the emergency-stop-area head wall (H2-
type steel safety railing (SSR) & a crash 
cushion using cylindrical steel-sheet 
tubes). The total length of each 
simulation was 0.4 s with a data write-
out every 0.0005 s. 
A combination of a 
multibody-based vehicle 
dynamics simulation and a 
FE-model-based explicit 
dynamic analysis 
ASI [function]; 
THIV [function] 
PHD [function] 
Due to the geometrical restrictions 
in the tunnel’s emergency stop 
area, none of the barriers can 
provide total protection for the 
occupants of the vehicle in the 
event of a collision. The installation 
of a steel-sheet-tube crash cushion 
was, however, found to provide the 
best possible protection. 
6 
[SBI] 
Park J., 
Abdel-Aty 
M., Lee J.; 
2016; USA 
Safety effects of several barriers on 
freeways for different crash types and 
severity levels based on different 
parameters were considered. 147 
freeway segments were identified as 
treated sites with installation of roadside 
barriers. W-beam guardrails were 
implemented on 127 sites and concrete 
barriers were installed on 20 sites. 
Empirical Bayes before-after 
approach 
CMF 
The safety effects of roadside 
barriers are positive and statistically 
significant for KAB severity level for 
both All and ROR crashes. 
7 
[SBI] 
Zou Y., 
Tarko A.P.; 
2016; USA 
2049 barrier-relevant crashes, occurred 
between 2003 and 2012 on 1258 
unidirectional travelled ways in Indiana, 
were considered. 
Absolute difference 
comparison & multinomial 
logit model with variable 
outcomes 
[t-test] 
Barrier relevant 
crashes 
[absolute 
difference] 
[slope] 
Results show that a barrier reduces 
the risk of high-risk events, but it 
introduces the risk of barrier 
collisions and increases the risk of 
redirecting vehicles back to traffic. 
Table 1: Description of coded studies 
2.3 Limitations  
There are few limitations in the current literature examining the effects of safety barriers on road safety. 
The first is that one study (Gitelman et al., 2014) presents a lack of data before the safety barriers 
installation and this leads to it not being possible to perform a before and after analysis. Furthermore, 
this study also shows a lack of data concerning all the types of roads analysed, reporting just some 
results as an example. However, more results are provided in the form of discussion in the text. 
Similarly, Park et al. (2016) presents a small sample of data concerning concrete barriers, which makes 
the calculation of crash modification factors for concrete barriers impossible. 
Another limitation is that there are no studies concerning less motorized countries, for instance 
countries in South America or Africa. The impact of installing safety barriers in these environments 
should be captured as well via relevant studies for a more collective approach.  
After the identification of recent studies related to safety barriers (as it is explained in the supporting 
document), not many studies suitable to code were found. 
 2.4 Analysis method and results  
2.4.1 Introduction 
The effects of safety barriers on road safety can be summarized as follows: 
• 1 study (meta-analysis) with a significant increase in fatalities, and both a significant increase and 
decrease in injuries, along several other non-significant effects; 
• 2 studies with a significant decrease in crash frequency (due to the installation of new EN 1317 
barriers); 
• 1 study with a positive effect on reducing crash severity, but no statistical data are provided; 
• 1 study with a mostly significant positive effect in crash frequency (due to the installation of safety 
barriers); 
• 1 study without significant effects on driving speed and lateral position; 
• 1 study with a mostly positive effect on test indices (ASI, THIV, PHD), but no statistical data are 
provided. 
The quantitative results of the coded studies alongside their general effects on road safety are 
presented in Table 2, which is presented in the supporting document. 
After the results were reviewed together, in possible consideration of a meta-analysis, the following 
points were observed: 
a) There is an adequate number of studies, however; 
b) Those studies have not used the same model for analysis. 
c) There are different indicators, and even when they coincide they are not measured in the same way. 
d) The sampling frames were quite different.  
 
2.5 Description of analysis carried out 
2.5.1 Vote-count analysis 
After considering the previous points, it was decided that a meta-analysis could not be carried out in 
order to find the overall impact of safety barriers on road safety. Therefore, a vote count analysis was 
conducted. In vote count analyses, each study is considered to have one vote for or against the 
countermeasure. The results are summarized in Table 3. 
Outcome definition 
Tested in 
number of 
studies 
Result (number of studies) Result (number of studies) 
↑ - ↓ ↑* - ↓* 
Crash Reduction 4 - - 3 - - 1 
Injury Severity 1 (meta-analysis) - - 1 1 - 1 
Driving Speed 1 - 1 - - - - 
Lateral Position 1 - 1 - - - - 
ASI, THIV, PHD 1 - - - - - 1 
Total Studies = 7 
Table 3: Vote count analysis results for safety barriers 
 
2.5.2 Overall estimate for road safety 
On a basis of both study and effect numbers, the installation of safety barriers and changing the type, 
appear to have positive effects on road safety. However, there are cases when their impact is negative 
or inconclusive, but these are a minority compared to the results of all the studies. Furthermore, the 
coded studies encompass several topics and have good levels of quality and consistency. For the 
reasons mentioned above, the overall impact of installation and replacement of safety barriers is 
characterized as light green (probably effective), always depending on the exact measure implemented 
(specific barrier types are better than others). 
2.6 Conclusion 
The vote count analysis carried out shows that safety barriers are usually associated with a reduction in 
crash frequency. In addition, the presence of safety barriers reduces the risk of high-risk events, but it 
introduces the risk of barrier collisions and increases the risk of redirecting vehicles back into traffic. No 
significant correlation was found between safety barriers presence and driving speed and lateral 
position. 
 
  
 3 SUPPORTING DOCUMENT 
3.1 Supporting quantitative table 
Below follows Table 2, which includes all quantitative effects from the coded studies for the measures 
of safety barriers installation and replacement.  
Number 
Author(s); 
Year; Country; 
Outcome 
indicator 
Exposure Quantitative Estimate 
Effect 
on road 
safety 
1 
[CT] 
Elvik, R. and 
Høye, A., 
2014, Norway 
Accident 
fatality/injury 
risk 
[Percentage 
difference] 
Roadside 
safety 
barrier 
comparison 
between 
different 
categories  
Road user profile: Cars, Accident severity: Fatality, Safety 
barrier type test/reference: Cable barrier/Guardrail, Percent 
accident reduction = 44%, CI [95%] = (-1188, 98) 
- 
Road user profile: Cars, Accident severity: Injury, Safety barrier 
type test/reference: Cable barrier/Guardrail, Percent accident 
reduction = 68%, CI [95%] = (-17, 91) 
- 
Road user profile: PTWs, Accident severity: Fatality, Safety 
barrier type test/reference: Cable barrier/Guardrail, Percent 
accident reduction = 52%, CI [95%] = (-12, 79) 
- 
Road user profile: Cars, Accident severity: Fatality, Safety 
barrier type test/reference: Guardrail/Concrete barrier, Percent 
accident reduction = -75%, CI [95%] = (-81, -70) 
↓ 
Road user profile: Cars, Accident severity: Injury, Safety barrier 
type test/reference: Guardrail/Concrete barrier, Percent accident 
reduction = 74%, CI [95%] = (69, 78) 
↑ 
Road user profile: PTWs, Accident severity: Fatality, Safety 
barrier type test/reference: Guardrail/Concrete barrier, Percent 
accident reduction = -28%, CI [95%] = (-127, 28) 
- 
Road user profile: PTWs, Accident severity: Injury, Safety barrier 
type test/reference: Guardrail/Concrete barrier, Percent accident 
reduction = -42%, CI [95%] = (-97, -2) 
↓ 
Road user profile: PTWs, Accident severity: Fatality, Safety 
barrier type test/reference: Cable barrier/Concrete barrier, 
Percent accident reduction = 59%, CI [95%] = (-17, 86) 
- 
Road user profile: Cars, Accident severity: Fatality, Safety 
barrier type test/reference: Yielding posts/Rigid posts, Percent 
accident reduction = -26%, CI [95%] = (-534, 75) 
- 
Road user profile: Cars, Accident severity: Injury, Safety barrier 
type test/reference: Yielding posts/Rigid posts, Percent accident 
reduction = 44%, CI [95%] = (-312, 92) 
- 
2 
[SBI] 
[CT] 
Bella; 2013; 
Italy 
Driving speed 
[absolute 
difference] 
Installation 
of standard 
guardrail 
no shoulder 
Sharp right curve 
Abs. Dif.: 
DS=2.62 
km/h 
- 
Sharp left curve 
Abs. Dif.: 
DS=-1.32 
km/h 
- 
Number 
Author(s); 
Year; Country; 
Outcome 
indicator 
Exposure Quantitative Estimate 
Effect 
on road 
safety 
Shallow right curve 
Abs. Dif.: 
DS=1 km/h - 
Shallow left curve 
Abs. Dif.: 
DS=1.30 
km/h 
- 
Tangent 
Abs. Dif.: 
DS=3.33 
km/h 
- 
shoulder 
Sharp right curve 
Abs. Dif.: 
DS=1.62 
km/h 
- 
Sharp left curve 
Abs. Dif.: 
DS=-0.69 
km/h 
- 
Shallow right curve 
Abs. Dif.: 
DS=0.64 
km/h 
- 
Shallow left curve 
Abs. Dif.: 
DS=-0.76 
km/h 
- 
Tangent 
Abs. Dif.: 
DS=0.65 
km/h 
- 
Installation 
of red-and-
white 
guardrail 
no shoulder 
Sharp right curve 
Abs. Dif.: 
DS=-1.11 
km/h 
- 
Sharp left curve 
Abs. Dif.: 
DS=-1.18 
km/h 
- 
Shallow right curve 
Abs. Dif.: 
DS=-1.32 
km/h 
- 
Shallow left curve 
Abs. Dif.: 
DS=1.54 
km/h 
- 
Tangent 
Abs. Dif.: 
DS=1.85 
km/h 
- 
shoulder 
Sharp right curve 
Abs. Dif.: 
DS=2.42 
km/h 
- 
Sharp left curve 
Abs. Dif.: 
DS=-2.24 
km/h 
- 
Shallow right curve 
Abs. Dif.: 
DS=0.34 
km/h 
- 
Shallow left curve 
Abs. Dif.: 
DS=0.42 
km/h 
- 
Tangent 
Abs. Dif.: 
DS=0.69 
km/h 
- 
Replacement 
of safety 
barriers 
no shoulder Sharp right curve 
Abs. Dif.: 
DS=-3.73 
km/h 
- 
Number 
Author(s); 
Year; Country; 
Outcome 
indicator 
Exposure Quantitative Estimate 
Effect 
on road 
safety 
Sharp left curve 
Abs. Dif.: 
DS=0.14 
km/h 
- 
Shallow right curve 
Abs. Dif.: 
DS=-2.32 
km/h 
- 
Shallow left curve 
Abs. Dif.: 
DS=0.24 
km/h 
- 
Tangent 
Abs. Dif.: 
DS=-1.48 
km/h 
- 
shoulder 
Sharp right curve 
Abs. Dif.: 
DS=0.80 
km/h 
- 
Sharp left curve 
Abs. Dif.: 
DS=-1.55 
km/h 
- 
Shallow right curve 
Abs. Dif.: 
DS=-0.30 
km/h 
- 
Shallow left curve 
Abs. Dif.: 
DS=1.18 
km/h 
- 
Tangent 
Abs. Dif.: 
DS=0.04 
km/h 
- 
Lateral 
position 
[absolute 
difference] 
Installation 
of standard 
guardrail 
no shoulder 
Sharp right curve 
Abs. Dif.: 
LP=-0.03 m - 
Sharp left curve 
Abs. Dif.: 
LP=-0.12 m - 
Shallow right curve 
Abs. Dif.: 
LP=-0.03 m - 
Shallow left curve 
Abs. Dif.: 
LP=-0.02 m - 
Tangent 
Abs. Dif.: 
LP=0.03 m - 
shoulder 
Sharp right curve 
Abs. Dif.: 
LP=-0.05 m - 
Sharp left curve 
Abs. Dif.: 
LP=-0.14 m - 
Shallow right curve 
Abs. Dif.: 
LP=-0.02 m - 
Shallow left curve 
Abs. Dif.: 
LP=0.02 m - 
Tangent 
Abs. Dif.: 
LP=-0.03 m - 
Installation 
of red-and-
white 
guardrail 
no shoulder 
Sharp right curve 
Abs. Dif.: 
LP=-0.01 m - 
Sharp left curve 
Abs. Dif.: 
LP=-0.1 m - 
Shallow right curve 
Abs. Dif.: 
LP=-0.04 m - 
Shallow left curve 
Abs. Dif.: 
LP=-0.01 m - 
Number 
Author(s); 
Year; Country; 
Outcome 
indicator 
Exposure Quantitative Estimate 
Effect 
on road 
safety 
Tangent 
Abs. Dif.: 
LP=0.02 m - 
shoulder 
Sharp right curve 
Abs. Dif.: 
LP=-0.02 m - 
Sharp left curve 
Abs. Dif.: 
LP=-0.09 m - 
Shallow right curve 
Abs. Dif.: 
LP=-0.06 m - 
Shallow left curve 
Abs. Dif.: 
LP=-0.03 m - 
Tangent 
Abs. Dif.: 
LP=-0.06 m - 
Replacement 
of safety 
barriers 
no shoulder 
Sharp right curve 
Abs. Dif.: 
LP=0.02 m - 
Sharp left curve 
Abs. Dif.: 
LP=0.02 m - 
Shallow right curve 
Abs. Dif.: 
LP=-0.01 m - 
Shallow left curve 
Abs. Dif.: 
LP=0.01 m - 
Tangent 
Abs. Dif.: 
LP=-0.01 m - 
shoulder 
Sharp right curve 
Abs. Dif.: 
LP=0.03 m - 
Sharp left curve 
Abs. Dif.: 
LP=0.05 m - 
Shallow right curve 
Abs. Dif.: 
LP=-0.04 m - 
Shallow left curve 
Abs. Dif.: 
LP=-0.050 m - 
Tangent 
Abs. Dif.: 
LP=-0.030 m - 
3 
[CT] 
Cafiso S., 
D'Agostino C., 
Persaud B.; 
2015; Italy 
CMF 
Installation 
of new EU 
barriers  
Total crashes 
CMF= 0.62, 
CI [95%]= 
[0.45;0.78] 
↑ 
Run-off-road crashes 
CMF= 0.28, 
CI [95%]= 
[0.16;0.41] 
↑ 
4 
[CT] 
Gitelman V., 
Carmel R., 
Doveh E., 
Pesahov F., 
Hakkert S.; 
2014; Israel 
Total Injury 
crashes 
[slope] 
Installation 
of EURO-
barriers on 
roadsides 
Criterion of quality 1 
Slope=-
0.0374, 
SE=0.015, 
t=-2.50, 
p=0.0135 
↑ 
Criterion of quality 2 
Slope=-
0.0341, 
SE=0.0148, 
t=-2.30, 
p=0.0225 
↑ 
5 
[SBI] 
Kunc R., 
Omerovi´c S., 
Ambroˇz M., 
Prebil I.; 2014; 
Slovenia 
ASI 
[function] 
Installation 
of H2-type 
SSR 
Test 1 
Fun.: ASI= 
1.51 - 
Test 2 
Fun.: ASI= 
0.92 ↑* 
Test 1 
Fun.: ASI= 
1.52 - 
Number 
Author(s); 
Year; Country; 
Outcome 
indicator 
Exposure Quantitative Estimate 
Effect 
on road 
safety 
Installation 
of a crash 
cushion 
Test 2 
Fun.: ASI= 
0.70 ↑* 
THIV 
[function] 
Installation 
of H2-type 
SSR 
Test 1 
Fun.: THIV= 
41.58 km/h ↑* 
Test 2 
Fun.: THIV= 
35.01 km/h ↑* 
Installation 
of a crash 
cushion 
Test 1 
Fun.: THIV= 
48.55 km/h - 
Test 2 
Fun.: THIV= 
36.76 km/h ↑* 
PHD 
[function] 
Installation 
of H2-type 
SSR 
Test 1 
Fun.: PHD= 
26.17 g - 
Test 2 
Fun.: PHD= 
16.91 g ↑* 
Installation 
of a crash 
cushion 
Test 1 
Fun.: PHD= 
17.64 g ↑* 
Test 2 
Fun.: PHD= 
11.47 g ↑* 
6 
[SBI] 
Park J., Abdel-
Aty M., Lee J.; 
2016; USA 
CMF 
Installation 
of roadside 
barriers 
W-beam + 
concrete 
All crashes 
KABCO 
CMF=1.04, 
SE=0.03 - 
KABC 
CMF=0.96, 
SE=0.04 - 
KAB 
CMF=0.82, 
SE=0.05, 
a=0.05 
↑ 
Run-off-road 
crashes 
KABCO 
CMF=0.95, 
SE=0.05 - 
KABC 
CMF=0.84, 
SE=0.06, 
a=0.05 
↑ 
KAB 
CMF=0.74, 
SE=0.07, 
a=0.05 
↑ 
w-beam 
guardrail only 
All crashes 
KABCO 
CMF=1.09, 
SE=0.03, 
a=0.05 
↓ 
KABC 
CMF=1.01, 
SE=0.04 - 
KAB 
CMF=0.85, 
SE=0.05, 
a=0.05 
↑ 
Run-off-road 
crashes 
KABCO 
CMF=1.01, 
SE=0.05 - 
KABC 
CMF=0.88, 
SE=0.06, 
a=0.10 
↑ 
KAB 
CMF=0.75, 
SE=0.08, 
a=0.05 
↑ 
W-beam + 
concrete 
ROR passenger 
vehicle crashes 
KABCO 
CMF=1.03, 
SE=0.08 - 
Number 
Author(s); 
Year; Country; 
Outcome 
indicator 
Exposure Quantitative Estimate 
Effect 
on road 
safety 
KABC 
CMF=0.92, 
SE=0.08 - 
KAB 
CMF=0.81, 
SE=0.10, 
a=0.10 
↑ 
ROR heavy 
vehicle crashes 
KABCO 
CMF=0.9, 
SE=0.08 - 
KABC 
CMF=0.75, 
SE=0.10, 
a=0.05 
↑ 
KAB 
CMF=0.66, 
SE=0.12, 
a=0.05 
↑ 
w-beam 
guardrail only 
ROR passenger 
vehicle crashes 
KABCO 
CMF=1.15, 
SE=0.08, 
a=0.1 
↓ 
KABC 
CMF=0.98, 
SE=0.09 - 
KAB 
CMF=0.81, 
SE=0.11, 
a=0.10 
↑ 
ROR heavy 
vehicle crashes 
KABCO 
CMF=0.93, 
SE=0.09 - 
KABC 
CMF=0.75, 
SE=0.11, 
a=0.05 
↑ 
KAB 
CMF=0.65, 
SE=0.13, 
a=0.05 
↑ 
W-beam + 
concrete 
ROR young age 
driver (15–24 
years old)  crashes 
KABCO 
CMF=1.06, 
SE=0.10 - 
KABC 
CMF=1.06, 
SE=0.14 - 
KAB 
CMF=0.91, 
SE=0.16 - 
ROR middle age 
driver (25–64 
years old) crashes 
KABCO 
CMF=0.93, 
SE=0.06 - 
KABC 
CMF=0.79, 
SE=0.07, 
a=0.05 
↑ 
KAB 
CMF=0.69, 
SE=0.09, 
a=0.05 
↑ 
ROR old age 
driver (> 64 years 
old) crashes 
KABCO 
CMF=0.91, 
SE=0.15 - 
KABC 
CMF=0.80, 
SE=0.23 - 
KAB 
CMF=0.62, 
SE=0.25 - 
w-beam 
guardrail only 
ROR young age 
driver (15–24 
years old)  crashes 
KABCO 
CMF=1.12, 
SE=0.11 - 
KABC 
CMF=1.11, 
SE=0.15 - 
KAB 
CMF=0.95, 
SE=0.18 - 
Number 
Author(s); 
Year; Country; 
Outcome 
indicator 
Exposure Quantitative Estimate 
Effect 
on road 
safety 
ROR middle age 
driver (25–64 
years old) crashes 
KABCO 
CMF=1.05, 
SE=0.08 - 
KABC 
CMF=0.85, 
SE=0.08, 
a=0.10 
↑ 
KAB 
CMF=0.70, 
SE=0.10, 
a=0.05 
↑ 
ROR old age 
driver (> 64 years 
old) crashes 
KABCO 
CMF=0.93, 
SE=0.17 - 
KABC 
CMF=0.8, 
SE=0.25 - 
KAB 
CMF=0.58, 
SE=0.25, 
a=0.10 
↑ 
W-beam + 
concrete 
ROR crashes in 
normal weather 
KABCO 
CMF=0.92, 
SE=0.06 - 
KABC 
CMF=0.82, 
SE=0.08, 
a=0.05 
↑ 
KAB 
CMF=0.76, 
SE=0.10, 
a=0.05 
↑ 
ROR crashes in 
rainy and wet 
surface conditions 
KABCO 
CMF=0.92, 
SE=0.08 - 
KABC 
CMF=0.90, 
SE=0.10 - 
KAB 
CMF=0.75, 
SE=0.12, 
a=0.05 
↑ 
w-beam 
guardrail only 
ROR crashes in 
normal weather 
KABCO 
CMF=0.95, 
SE=0.72 - 
KABC 
CMF=0.87, 
SE=0.09 - 
KAB 
CMF=0.79, 
SE=0.11, 
a=0.10 
↑ 
ROR crashes in 
rainy and wet 
surface conditions 
KABCO 
CMF=1.12, 
SE=0.09 - 
KABC 
CMF=0.96, 
SE=0.11 - 
KAB 
CMF=0.75, 
SE=0.13, 
a=0.10 
↑ 
W-beam + 
concrete 
ROR crashes in 
day time 
KABCO 
CMF=0.96, 
SE=0.06 - 
KABC 
CMF=0.94, 
SE=0.08 - 
KAB 
CMF=0.84, 
SE=0.10, 
a=0.10 
↑ 
ROR crashes in 
night time 
KABCO 
CMF=0.92, 
SE=0.09 - 
KABC 
CMF=0.71, 
SE=0.09, 
a=0.05 
↑ 
Number 
Author(s); 
Year; Country; 
Outcome 
indicator 
Exposure Quantitative Estimate 
Effect 
on road 
safety 
KAB 
CMF=0.60, 
SE=0.11, 
a=0.05 
↑ 
w-beam 
guardrail only 
ROR crashes in 
day time 
KABCO 
CMF=1.05, 
SE=0.07 - 
KABC 
CMF=1.01, 
SE=0.09 - 
KAB 
CMF=0.89, 
SE=0.12 - 
ROR crashes in 
night time 
KABCO 
CMF=0.98, 
SE=0.10 - 
KABC 
CMF=0.73, 
SE=0.10, 
a=0.05 
↑ 
KAB 
CMF=0.53, 
SE=0.11, 
a=0.05 
↑ 
7 
[SBI] 
Zou Y. , Tarko 
A.P.; 2016; 
USA 
Barrier 
relevant 
crashes 
[absolute 
difference] 
[slope] 
Installation 
barriers only 
in roadside 
Crossover head-on crash  
Abs. Dif.: 
BRC=0.8 ↓* 
Crossover roadside crash  
Abs. Dif.: 
BRC=-2.5 ↑* 
Non-crossover high-risk crash 
Abs. Dif.: 
BRC=-19.4 ↑* 
Non-crossover moderate-risk crash 
Abs. Dif.: 
BRC=-22 ↑* 
Non-crossover crash after return to traffic  
Abs. Dif.: 
BRC=1.4 ↓* 
Installation 
barriers in 
median and 
roadside 
Crossover head-on crash  
Abs. Dif.: 
BRC=-2.1 ↑* 
Crossover roadside crash  
Abs. Dif.: 
BRC=-8.8 ↑* 
Non-crossover high-risk crash 
Abs. Dif.: 
BRC=-37.8 ↑* 
Non-crossover moderate-risk crash 
Abs. Dif.: 
BRC=-35 ↑* 
Non-crossover crash after return to traffic  
Abs. Dif.: 
BRC=4.6 ↓* 
Installation 
barriers only 
in roadside 
Crossover head-on crash  
Slope=-
0.776, 
t=1.48 
↓ 
Non-crossover crash after return to traffic  
Slope=1.452, 
t=4.48 ↓ 
Median barrier crash 
Slope=-
0.613, t=3.31 ↓ 
↑ denotes positive road safety effects - denotes unclear or marginal road safety effects 
↓ denotes negative road safety effects   * denotes unclear or marginal effects 
 
Table 2: Quantitative results of coded studies and impacts on road safety. 
 
  
3.2 Methodology 
3.2.1 Literature search strategy 
In this chapter the literature search that was carried out will be presented separately for the two 
measures of installing and changing the type of safety barriers. They were handled separately until the 
writing of this synopsis, when it was decided that their merging would provide more comprehensive 
and coherent insights on their effects. The results are summarized in relevant tables. Several databases 
were examined in an attempt to locate all relevant scientific publications. As with the standards 
specified for the SafetyCube project, journal or conference papers published after 1990 were prioritized 
over reports. 
 
Measure: Installation of safety barriers  
Limitations/ Exclusions:  
 
• Search field: TITLE-ABS-KEY 
• Published: 1990 to current 
• Document Type: “Review” and “Article”, "Report" if needed to complete study numbers 
• Language: “English” 
• Subject Area: “Engineering” 
 
Database: TRID   Date: 3rd February 2017 
search no. search terms / operators / combined queries hits 
#1 Safety barriers 4883 
#2 Guardrails 1127 
#3 Concrete barriers 1481 
#4 Installation barriers 584 
 
Database: Google Scholar   Date: 3rd February 2017 
search no. search terms / operators / combined queries hits 
#1 Guardrails 14900 
#2 Installation safety barriers 28600 
#3 Installation of guardrails  6700 
#4 Installation of guardrails and barriers 8900 
#5 Installation of guardrails and barriers -2016 177o 
#6 “installation of guardrails” 123 
#7 "Installation of safety barriers” 68 
 
Database: ScienceDirect   Date: 3rd February 2017 
search no. search terms / operators / combined queries hits 
#1 “Guardrails” or “barriers” 98800 
#2 “installation guardrails” or “installation barriers” 13 
 
3.3 Results of literature research 
Database Hits 
Google Scholar 8900 
TRID 1127 
ScienceDirect 13 
Total number of studies to screen title 10040 
3.4 Screening 
The abstracts of relevant studies from the initial literature search results were examined to narrow the 
scope and to detect studies that would be more appropriate at a first stage. Those abstracts give hints 
as to whether the full text warrants close examination for coding and inclusion in the project. 
Total number of studies to screen title                                                                                                                                            10040
Number of articles remaining after screening of the title  
= Total number of studies to screen abstract 
200 
Remaining studies after abstract screening  21 
Total number of studies to screen full text 21 
3.5 Eligibility 
Total number of studies to screen full-text 21 
Full-text could be obtained 10 
Reference list examined Y/N Yes (+2 papers) 
Eligible papers prioritized  4 
3.6 Prioritizing coding 
- Prioritizing Step A (most recent studies) 
- Prioritizing Step B (Journals over conferences and reports) 
- Prioritizing Step C (Prestigious journals over other journals and conference papers) 
- Prioritizing Step D (Studies from Europe) 
 
3.7 List of coded studies 
1. BELLA F., 2013. Driver perception of roadside configurations on two-lane rural roads: Effects 
on speed and lateral placement. Accident Analysis and Prevention 50, pp. 251– 262. 
2. KUNC R., OMEROVI´C S., AMBROˇZ M., PREBIL I., 2014. Comparative study of European tunnel 
emergency-stop-area-wall protection measures. Accident Analysis and Prevention 63, pp.9– 
21. 
3. PARK J., ABDEL-ATY M., LEE J., 2016. Use of empirical and full Bayes before–after approaches 
to estimate the safety effects of roadside barriers with different crash conditions. Journal of 
Safety Research 58, pp. 31–40. 
4. ZOU Y., TARKO A.P., 2016. An insight into the performance of road barriers − redistribution of 
barrier-relevant crashes. Accident Analysis and Prevention 96, pp.152–161. 
Measure: Change type of safety barriers  
Literature search strategy 
Limitations/ Exclusions: 
• Search field: TITLE-ABS-KEY 
• Published: 1990 to current 
• Document Type: “Review” and “Article”, "Report" if needed to complete study numbers 
• Language: “English” 
• Subject Area: “Engineering” 
 
Database: TRID   Date: 3rd February 2017 
search no. search terms / operators / combined queries hits 
#1 Guardrails OR barriers 1127 
#2 Change guardrails OR barriers 36 
#3 Modify guardrails OR barriers 2 
#4 alter guardrails OR barriers 2 
 
Database: Google Scholar   Date: 3rd February 2017 
search no. search terms / operators / combined queries hits 
#1 Guardrails OR barriers 14900 
#2 Change guardrails OR barriers 12600 
#3 Change type of guardrails  10500 
#4 Change type of barriers 9900 
#5 Change type of guardrails and barriers -2016 630 
#6 Replacement of guardrails OR barriers 4240 
#7 "Replacement of guardrails" OR "barriers" 17 
 
Database: ScienceDirect   Date: 3rd February 2017 
search no. search terms / operators / combined queries hits 
#1 “Guardrails” or “barriers” 98800 
#2 “change guardrails” or “change barriers” 12000 
#3 “change type of guardrails” or “change type of barriers” 176 
3.8 Results of literature research 
Database Hits 
Google Scholar 10500 
TRID 1162 
ScienceDirect 12000 
Total number of studies to screen title 23662 
 
3.9 Screening 
Total number of studies to screen title                                                                                                                                            23662 
Number of articles remaining after screening of the title  
= Total number of studies to screen abstract 
268 
Remaining studies after abstract screening  18 
Total number of studies to screen full text 18 
3.10 Eligibility 
Total number of studies to screen full-text 18 
Full-text could be obtained 11 
Reference list examined Y/N Yes (+2 papers) 
Eligible papers prioritized  4 
3.11 Prioritizing coding 
- Prioritizing Step A (most recent studies) 
- Prioritizing Step B (Journals over conferences and reports) 
- Prioritizing Step C (Prestigious journals over other journals and conference papers) 
- Prioritizing Step D (Studies from Europe) 
3.12 List of coded studies 
1. Høye, A.; 2014. Guardrails and crash cushions. The Handbook of Road Safety Measures, Norwegian 
(online) version. 
2. BELLA F., 2013. Driver perception of roadside configurations on two-lane rural roads: Effects on 
speed and lateral placement. Accident Analysis and Prevention 50, pp. 251– 262. 
3. CAFISO S., D'AGOSTINO C., PERSAUD B., 2015; Investigating the influence on safety of retrofitting 
Italian motorways with barriers meeting a new EU standard. Traffic Injury Prevention, 18:3, pp. 
324-329.  
4. GITELMAN V., CARMEL R., DOVEH E., PESAHOV F., HAKKERT S., 2014; An examination of the 
effectiveness of a new generation of safety barriers. Transport Research Arena (TRA) 5th 
Conference: Transport Solutions from Research to Deployment. 
3.13 List of studies included in the meta-analysis (Elvik and Høye, 2014) 
 
1. Daniello, A., & Gabler, H. C. (2011). Fatality risk in motorcycle collisions with roadside objects in the 
United States. Accident Analysis & Prevention, 43(3), 1167-1170. 
2. Gabler, H. C. (2007, June). The risk of fatality in motorcycle crashes with roadside barriers. In 
Proceedings of the 20th international conference on enhanced safety of vehicles, Lyons, France. 
3. Grzebieta, R., Jama, H., Bambach, M., Friswell, R., McIntosh, A., & Favand, J.  Motorcycle crashes 
into roadside barriers Stage 1: Crash characteristics and causal factors. 2010  IRMRC Research 
Report. NSW Injury Risk Management Research Centre (IRMRC). The University of New South 
Wales, Australia. 
4. Hunter, W. W., Stewart, J. R., & Council, F. M. (1993). Comparative performance of barrier and end 
treatment types using the longitudinal barrier special study file. Transportation Research Record, 
(1419). 
5. Perchonok, K. et al. Hazardous Effects of Highway Features and Roadside Objects.  Volume 2: 
Findings. 1978 Report FHWA-RD-78-202. US Department of Transportation, Federal Highway 
Administration, Washington.  
6. Ray, M. H., Troxel, L. A., & Carney III, J. F. (1991). Characteristics of fixed-roadside-object side-
impact accidents. Journal of Transportation Engineering, 117(3), 281-297. 
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1  Summary 
 
 
 
 
 
Davide Shingo Usami; June 2017 
 
1.1 COLOUR CODE: LIGHT GREEN. 
 
According to studies on the effect of increasing the width of a clear zone on road safety it seems that 
increasing the clear zone width (i.e. by increasing the distance to fixed roadside obstacles) reduces the 
crash frequency. However, these results are based on only two studies.  
 
 
 
1.2 KEYWORDS 
 
Clear zone, Safety zone, clear zone width, remove obstacles, distance to fixed obstacles, roadside 
treatment, horizontal clearance. 
 
 
 
1.3 ABSTRACT 
 
The roadside clear zone is the distance from the edge of the travel lane which should be free of any non-
traversable hazard such as steep slopes or fixed roadside objects. Increasing such distance might help the 
drivers to recover their vehicle in case of running off the road and improve visibility conditions. An increase 
of the width of a clear zone from around 1 meter to around 5 meters seems to decrease crash occurrence 
by 22%. Increasing the width from around 5 metres to around 9 meters has been found to reduce crashes 
by 44%. The results derived from a meta-analysis based only on two studies. Moreover, it is unknown 
whether the results also include the effects of other associated improvements such as improved sight 
conditions along the road. No details are available on whether these results apply to urban or rural areas. 
 
 
1.4 BACKGROUND 
 
1.4.1 What is meant by increase the width of clear-zone? 
 
A clear zone is the unobstructed, traversable area provided beyond the edge of the road through a 
travelled way for the recovery of errant vehicles. Increasing the width of a clear zone means to increase the 
distance to fixed obstacles along the roadside. 
 
According to the USA roadside design manual, the clear zone includes shoulders and bike lanes, and 
auxiliary lanes, except those auxiliary lanes that function like through lanes (AASHTO, 2011). Some road 
design guidelines distinguish two areas of the clear zone: the recovery zone and the limited severity zone 
(see Figure 1) (La Torre et al., 2013). The recovery zone is commonly defined as a hard or soft shoulder lane 
located immediately beyond the carriageway edge line. It enables drivers to perform easy recovery 
manoeuvres. The limited severity zone is the area beyond the recovery zone whose primary role is to 
minimise the severity of the accident in the event of a run-off road. 
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Figure 1: Clear zone specification (Patte et al., 2002 in La Torre et al. 2013) 
 
 
 
1.4.2 How does increasing the width of clear-zone affect road safety? 
 
The rationale behind clear zones is to maintain an area by the side of the road free of obstacles so that 
errant motor vehicles are able to manoeuvre, or at least decrease their speed safely, in case they depart 
from their travelled lane. In addition, increasing the width of clear-zone would provide more visibility for 
vehicles and side space for snow removal. 
 
 
 
1.4.3 Which safety outcomes are affected by increasing the width of clear-zone? 
 
In the international literature, the effect on road safety of increasing a clear zone has been measured using 
the crash frequency. 
 
 
 
1.4.4 How is the effect of increasing the width of clear-zone studied? 
 
International literature indicated that the effect of increasing a clear zone width is commonly evaluated by 
before-after studies. Some studies (not reported in this synopsis) also used simulation. 
 
 
 
1.4.5 Which factors of increasing the width of a clear zone influence road safety? 
 
The width of a clear zone along the horizontal alignment is dependent on roadside geometry, design 
speed, radius of horizontal curve, and traffic volume. Higher speeds mean vehicles will travel farther before 
recovering. Horizontal curvature increases the likelihood of a vehicle leaving the highway and increases the 
distance it will travel off the highway, as will steeper fill slopes. In general, hazards within the clear zone 
which cannot be removed, relocated, or made to breakaway on impact, will warrant a guardrail. 
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1.5 OVERVIEW RESULTS 
 
1.5.1 Main results 
 
According to results, the effect of an increase in the clear zone width show a positive effect on road safety. 
As presented in Elvik’s meta-analysis from 2009, the number of crashes reduced. Results indicate, that 
increasing clear zone width from around 1 metre to around 5 metres significantly reduces the number of 
accidents by 22% or by 44% from around 5 metres to around 9 metres. 
 
 
1.5.2 Transferability 
 
The results derived from a meta-analysis based on only two studies from the USA, the topic does not seem 
to have been studied to a sufficient extent at international level.  
 
 
 
1.6 NOTES ON ANALYSIS METHODS 
 
The synopsis is mainly based on a meta-analysis study, itself based on only two studies. The studies 
included in the meta-analysis are from the US. The included studies have compared the road situation 
with/without obstacles thus increasing the clear zone width. The results may be affected by regression to 
the mean phenomenon. 
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2  Scientific overview 
 
 
 
 
 
2.1 LITERATURE REVIEW 
 
2.1.1 Analysis of study designs and methods 
 
According to the literature search results it seems that there is a lack of research on creating/increasing 
width of a clear zone. Results are based on a fixed effects meta-analysis carried out in 2009. Only two 
studies were considered in the meta-analysis by Elvik, 2009, both carried out in the United States. The 
included studies have compared the number of crashes for various clear zone width. 
 
 
It is unknown whether the results show the effect of increased distances to roadside obstacles alone or if 
they also include the effects of other improvements such as improved sight conditions along the road. 
Results may be affected by regression to the mean. 
 
Table 1 illustrates an overview of the main aspects of coded study (sample, method and outcome). 
 
Table 1 Description of coded studies 
 
 
Author(s), 
  
Sample and study design 
  
Method of 
  
Outcome 
  
Additional 
 
 
          
 
 Year ,      analysis   indicator   information on  
 
 Country            analysis   
              
 
               
 
               
 
Elvik, R., 2009,  Meta-analysis including 2 studies based on a  Fixed effects meta-  Number of crashes  The meta-analysis 
 
Norway  before-after.  analysis     includes only two 
 
             studies from USA 
 
               
 
 
 
2.1.2 Study results 
 
Based on the meta-analysis study, an increase in the clear zone width at two way roads has a positive 
significant effect on road safety. 
 
More specifically, results from the meta-analysis indicate that increasing clear zone width from around 1 
metre to around 5 metres significantly reduces the number of crashes by 22%. Furthermore, increasing 
clear zone width from around 5 metres to around 9 metres significantly reduces the number of crashes by 
44%. 
 
2.1.3 Description of analysis carried out 
 
Review-type analysis  
Considering the availability of only a meta-analysis study a review-type analysis was feasible. 
 
The meta-analysis results indicate that increasing the clear zone width at two-way roads from 1 to 5 metres 
and from 5 to 9 metres has a significant positive effect on road safety. 
 
However, the meta-analysis included only 2 studies from the USA and it is unclear to what degree the 
results may be affected by regression to the mean. Hence, a light green colour code was assigned. 
 
 
 
 
SafetyCube | Synopsis on: Shoulder & roadside treatments - increase width of clear-zone | WP5 5 
2.2 CONCLUSION 
 
The roadside clear zone is the distance from the edge of the travel lane which should be free of any non-
traversable hazard such as steep slopes or fixed objects. 
 
The meta-analysis study indicated that the increase of clear zone widths is associated with a statistically 
significant reduction in crash occurrence.  
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3  Supporting document 
 
 
 
 
 
3.1 METHODOLOGY 
 
3.1.1 Literature Search strategy 
 
The literature search was conducted in January- 2017. The search strategy aimed at identifying the best 
quality and most recent studies to estimate the effectiveness of not only increasing clear zone width but 
also creating a clear zone and removing any obstacles from the roadsides. During the screening phase the 
search focused on treatments to increase width of a clear zone. 
 
 
A meta-analysis carried out in 2009 is available in The Handbook of Road Safety Measures (Elvik et al., 
2009). As this meta-analysis is available, only recent journal studies (after 2000) in the field of Engineering 
and Social science were considered from “Scopus” And “TRID” database. No “grey” literature was 
evaluated. 
 
Search terms used to identify relevant papers included, but were not limited to: “clear zone”, “safety zone”, 
“horizontal clearance”, “lateral offset”. Detailed search terms, as well as their linkage with logical operators 
and combined queries are shown in Tables 2 and 3. A total of 106 pieces of potentially eligible studies were 
identified (Table 4). After a preliminary abstract screening text, no studies were found to be eligible to the 
topic (Table 5). 
 
 
 
Table 2 Literature search strategy (Scopus database) - Date: 3rd January 2017 
 
search no. search terms / operators / combined queries hits 
#1 ALL ( ( "clear zone*"  OR "horizontal clearance"  OR "lateral offset" OR 8 
 “relocat* fixed” OR “safety zone”)  AND  ( "casualt*"  OR  "fatalit*"  OR  
 "accident*"  OR "crash*"  OR "collision*"  OR "injur*" )  AND  ( "effect*"  
 OR "evaluation"  OR "impact*" )  AND  ( "before"  AND  "after" ) )  AND  
 DOCTYPE ( ar  OR re )  AND  PUBYEAR >  2000  AND  SRCTYPE ( j )  
 AND  LANGUAGE ( english )  AND  SUBJAREA ( engi  OR soci )  
 
 
Table 3 Literature search strategy (TRID database)- Date: 3rd January 2017 
 
search no. search terms / operators / combined queries hits 
#1 Keywords ("clear zone*"  OR "horizontal clearance"  OR "lateral offset" OR 98 
 “relocat* fixed” OR “safety zone” AND ("effect" OR "evaluation")) in: Safety  
 and Human Factors, Transportation (General)  
*Results limited to studies published from 2005 
 
Table 4 Results Literature Search 
 
Database Hits 
Scopus (remaining papers after several limitations/exclusions) 8 
TRID 98 
Total number of studies to screen title/ abstract 106 
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Table 5 Screening results 
 
Total number of studies to screen title/ abstract 106 
-De-duplication 0 
-exclusion criteria A (part of a meta-analysis) 0 
-exclusion criteria B (no measure) 100 
-exclusion criteria C (effect on behavior / no sound evaluation) 6 
Remaining studies 0 
Not clear (full-text is needed) - 
Eligible papers 0 
  
 
3.1.2 Exploratory analysis of results   
Table 6 presents information on the main outcomes of coded studies on increase clear zone width. 
 
Table 6 Main outcomes of coded studies for increase clear zone width, 
 
 
Author, Year, 
Country 
 
 
Elvik, R., 2009, 
Norway 
 
 
 
 
Exposure variable 
  
Outcome 
   
Effects* 
   
Main outcome - 
 
 
          
 
    variable /    Confidence interval   description  
 
    Outcome type           
 
                
               
 
 Increasing the distance to  
Crash numbers 
    
-22 (-24,-20) 
  
Significant positive effect   fixed obstacles from 1 to 5    (↘)               on road safety   metres at two way roads                         
 
              
 
 Increasing the distance to  
Crash numbers 
    
-44 (-46,-43) 
  
Significant positive effect   
fixed obstacles from 5 to 9    (↘)               on road safety   metres at two way roads                         
 
               
  
*Significant effects on road safety are coded as: positive (↘), negative (↗) or non-significant ( ) 
 
 
 
3.2 LIST OF STUDIES 
 
3.2.1 Meta-analyses 
 
Elvik, R., Hoya, A., Vaa, T., Sorensen, M. (2009) The Handbook of Road Safety Measures. 2nd Revised 
edition, Emerald. 
 
The list of studies included in the meta-analysis: 
 
Cirillo, J. A. (1967). Interstate System Accident Research - Study II. Federal Highway Administration.  
http://www.tfhrc.gov/pubrds/pubrds.htm. 
 
Zegeer, Charles V., Reinfurt, Donald W., Hunter, William W., Hummer, Joseph., Stewart, Richard., Herf, 
Lynne. (1988). Accident Effects of Sideslope and Other Roadside Features on Two-Lane Roads. 
Transportation Research Record. Issue Number: 1195. 
 
 
 
3.2.2 References on further background information 
 
American Association of State Highway and Transportation Officials (AASHTO). (2011). Roadside Design 
Guide. 4th Edition, Washington, D.C. 
 
L. Patte et al. Handling lateral obstacles on main roads in open country. Sétra Guidelines. November 2002 
 
La Torre F. (2013). Forgiving roadsides design guide. Conference of European Directors of Roads (CEDR). 
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Synopsis 30: Road markings 
implementation 
 
Apostolos Ziakopoulos, Giulia Botteghi, Eleonora Papadimitriou, Konstantinos 
Diamantouros, Kyriaki Arampidou 
NTUA, June 2017 
1 SUMMARY 
1.1 Colour code: Light Green 
Explanation:  
The review-type qualitative analysis carried out showed that road marking implementation 
measures have a mostly positive impact on road safety, particularly for conflict number 
reduction and lane changing rate reduction. On the other hand, there were more unclear 
and mixed outcomes regarding median and average speeds, reporting both increases and 
reductions, and effects that were marginal. There are several road marking configurations 
that can be explored and implemented. Overall, there is a considerable number of positive 
effects with sufficient statistical verification to consider this measure mostly beneficial and 
thus suggest it for field implementation. The positive effects do outnumber the negative 
ones by a considerable margin, and many negative outcomes are statistically not 
significant. This leads to the assignment of the Light Green colour code for road marking 
implementation measures. 
1.2 Keywords 
Road markings; marking implementation; junction markings; junction treatments  
1.3 Abstract 
Road marking implementation is a measure regarding the implementation of painted 
markings on the road surface to convey information to drivers; several such designs have 
been implemented and investigated such as retroreflective markings, chevron markings, 
barrier lane and numbered markings. Junction reconfiguration was also examined: gantry 
signs, spiral markings etc. Eight high quality studies which included one meta-analysis were 
coded. On a basis of both study and effect numbers, road marking implementation measures 
have a mostly positive impact on road safety (only rear-end crashes increased after the 
installation). The results seem generally transferable with caution. It should be noted that 
pedestrian crosswalks or traffic signs are examined in separate synopses. 
1.4 Background 
1.4.1 Definition of road markings implementation measures 
 
Road systems are complex environments that serve several simultaneous functions. The 
goal is to provide road users with safe and accessible facilities for transportation. To 
facilitate driver perception and information, road markings are often installed on junctions 
or road segments. These markings typically involve the colouration of the pavement with 
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highly contrast, bright materials, forming patterns that are informative and easily 
distinguishable. Road markings have been implemented in several forms for a significant 
amount of time, enabling them to be incorporated in the driving licence processes for 
motorized countries. In recent years, several new forms of road markings have been 
invented and implemented: linings made of retroreflective materials that reflect headlights 
back to the drivers, tactile linings that warn drivers when they depart from the lane 
(particularly effective for segregation of emergency lanes from normal traffic lanes on 
highways) or markings that are not placed horizontally on the road, such as road delineators 
(located on the roadside). It should be noted that pedestrian crosswalks or traffic signs are 
examined in separate synopses. 
In general, road markings implementation measures are considered because they 
complement existing infrastructure, and require limited hardware changes and can be 
implemented quickly. Consequences of implementation should be studied at a network 
level, as they affect other junctions and road segments nearby. They are provided according 
to highway standards in new infrastructure projects, but for existing infrastructure where 
they are absent, inadequate, or have deteriorated, they can be implemented 
retrospectively. They can also require their own separate maintenance actions. Markings 
differ between countries, often dependent on the traffic habits (for instance driving on the 
left or right side), or the levels of funds and spending on roads, with some countries having 
visually "richer" streets. 
1.4.2 How do road markings implementation measures affect road safety? 
 
Road markings implementation measures are intended to improve the perception and 
readiness of drivers and other road users. They provide road users with relevant information 
(e.g. chevron markings warn of lane/road splits, and dragon's teeth markings provide speed 
reduction information in specific environments such as school zones). Typically, the road 
safety effect is indirect: markings inform the road users, and as a result their behaviour is 
expected to be safer, based on their compliance. Markings are not physical measures, as 
they do not decelerate vehicles or alter their course in the way that barriers or speed bumps 
do. 
 
1.4.3 How is the effect of road markings implementation measures studied? 
 
Though road markings have been utilized for decades, their effects are not very widely 
studied and documented. In addition, study approaches and sampling frames have varied. A 
common practice for installation treatments is to identify a study area (such as a junction), 
and to take a before-after measure approach. Road safety levels can then be compared for 
the study area with and without the presence of the measure. 
The parameters used for the estimates of benefits are direct (such as conflict count) or less 
direct (such as speed or lateral position). All five general studies, and three junction-
oriented studies, examined utilized before-after designs. 
1.5 Overview of results 
The effects of road markings implementation measures on road safety appear to be mostly 
positive. There are several positive outcomes from the examined studies, some of them 
relating to conflict reduction. The meta-analysis results show a considerable correlation 
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between changes in mean speed and alteration of road markings (R2 = 0.655 to 0.660), and 
between changes in mean lateral position and road delineators (R2 = 0.276). Furthermore, 
the analysis shows changes in mean speed (mean of 0.90 km/h) and in mean lateral position 
(mean of 2.2 cm), although no statistical verification is provided. The effects of road 
markings implementation from coded studies can be summarized as follows: 
• 1 study (meta-analysis) with significant speeding reductions in two different countries, 
for various introductions of edgelines and centerlines, and correspondingly no 
statistically significant results for delineator presence  
• 1 study with significant reductions in conflict count and lane changing rate  
• 1 study with no significant verification of effects in conflict count and lane changing 
parameters 
• 3 studies with significant reductions in vehicle speed and lateral position variation, 
alongside fewer negative effects (significant increases) or effects that are not 
statistically significant (one study additionally reports mixed effects for vehicle 
encroachments on barrier lines) 
• 2 studies with significant reductions in vehicle speed, and some effects that are not 
statistically significant 
1.5.1 Transferability 
 
Coded studies are based on data from Belgium, China, Finland, Germany, Italy, the 
Netherlands and the United States. One study is a meta-analysis and thus encompasses 
more countries and international data in its dataset. While this can be generally considered 
a good sample of countries, there is a gap in knowledge for other areas of the globe, 
particularly less motorized regions. Most studies examined their respective study areas 
uniformly, investigating all crash types and road users as grouped. However, there are 
instances of differentiation between vehicle types (car or truck) or traffic state (free-flow or 
in queue). 
 
1.5.2 Notes on analysis methods  
 
The initial approach was to examine road markings separately, as cross-sectional road 
treatments and junction treatments. However, the literature takes a more unifying 
approach. Thus the decision was made to merge these two topics into a single synopsis, 
since the topic is uniform. While the method of capturing the impact of road markings 
implementation measures is similar (before-after measure application approaches), the 
outputs are interpreted in varying ways. Conflict counts are either examined as percentages 
(before and after road marking implementation) or in a more complex form of model 
coefficient comparison. Moreover, behavioural variables (such as speed or lateral position) 
are examined via absolute difference comparison (before and after). Outcomes are usually 
subjected to significance testing to determine the level of statistical significance of each 
parameter on road safety levels. There is scope for investigating different road user 
categories and/or other geographical regions. All aforementioned factors make the findings 
for road markings implementation measures transferable with caution. 
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2 SCIENTIFIC OVERVIEW 
2.1 Analysis of study designs and methods  
After appropriate use of various search tools and databases, eight (8) high quality studies 
were selected and coded for the measure of road markings implementation, one of which 
was a meta-analysis encompassing several other relevant studies from the literature. The 
studies utilized before-and-after designs and investigated multiple parameters. These 
included direct variables, such as conflict count comparisons and lane changing rate (Wong 
et al., 2006 and Wong et al., 2012), and indirect parameters such as speed in various forms 
(Daniels et al., 2010, Hunter et al., 2010, Richter and Zierke, 2010) and lateral position 
(Räsänen, 2005), or both (Van Driel et al., 2004).  
It should be noted that the topic under investigation was considered at a general level, and 
also with a focus on junctions. Some of the aforementioned studies (Hunter et al., 2010, 
Montella et al., 2011 and Wong et al., 2012) have been selected and coded specifically 
because they concern junction treatments and interventions.  
Conflict counts provides a very direct method of investigating effects on road safety. Whilst 
this has the advantage of being comprehensible it’s also quite simplistic, often ignoring 
network particularities. These peculiarities are best captured via crash rates distributed by 
network geometry (e.g. taking into account vehicle-kilometers). However, this data would 
be more complex and harder to obtain/calculate. Other parameters (speed, lateral position 
– encroachments and lane changing rate) concern behavioural aspects of drivers and can 
provide added layers insight when examining the effectiveness of road markings. However, 
they do not provide direct input on road safety levels, but provide insight whenever drivers 
use the road environment. Overall, this mix of direct and indirect parameters appears to be 
a fairly spherical approach.  
To examine the relationships between the various effects of road markings 
implementation, the studies either deployed significance testing (for example confidence 
interval or p-value calculations) or as a minimum, they conducted basic descriptive 
statistical analyses (standard deviation calculation etc.).  
2.1.1 Limitations 
There are arguably a few limitations in the current literature for the effects of road markings 
implementation on road safety. Firstly, there is scope for inclusion of more countries in the 
sample, particularly from developing countries. Secondly, a more thorough examination of 
existing parameters could be undertaken, or parameters that differ in scope could be 
examined (e.g. crash and injury counts, braking distance). 
An overview of the main features of the coded studies (sample, method, outcome, results) 
is shown in Table 1. Studies with junctions as their main focus are denoted with [j]. 
 
Number 
Author(s); Year; 
Country; 
Sampling frame for road 
markings investigation 
Method for road 
markings investigation 
Outcome indicator Main Result 
1 
Van Driel, C. J., 
Davidse, R. J., & 
van Maarseveen, 
M. F.; 2004; 
Netherlands, 
United States 
[meta-analysis] 
Summary of effects that can 
be expected from road 
marking implementation 
extracted from previous 
research. 
Association measures 
calculation [Pearson’s 
correlation and Cohen’s 
κ], various homogeneity, 
ANOVA and regression 
analyses. 
Speed and lateral 
position 
[Correlation 
coefficient, 
Absolute 
difference] 
Effects on speed as well as on 
lateral position vary 
substantially; the mean 
effects of an edgeline on 
speed and lateral position 
nearly equal zero. 
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2 
Daniels, S., 
Vanrie, J., 
Dreesen, A., & 
Brijs, T.; 2010; 
Belgium 
Both a field study and a 
simulator study on the effects 
of additional road markings 
on speed behaviour were 
presented. 
Median speed evolution 
comparison algorithms 
[field] and repeated-
measures ANOVA 
[simulation] 
Median absolute 
speeds [Absolute 
difference] 
No effects were shown on 
speed behaviour from both 
in field and simulation 
studies. 
3 
Räsänen, M.; 
2005; Finland 
Vehicles were unobtrusively 
video recorded along a curve 
on a two-lane road section, 
before and after lane painting. 
Before - after 
comparison of 
parameters with 
descriptive statistics,  
F and P testing. 
Line encroachment; 
lateral position 
variation; average 
speed; [Percentage 
and Absolute 
difference] 
Barrier line compliance 
improved considerably in 
several traffic situations, and 
encroachment rates 
dropped.  
4 
Richter, T., & 
Zierke, B.; 2010; 
Germany  
Local measurements were 
taken at certain locations 
along the test track. 
Furthermore, the driving 
behaviour of a single vehicle 
was monitored with the 
following-car technique along 
the entire test track. 
Empirical analysis was 
used in with-and-
without and before-and-
after studies to evaluate 
road sections. 
Mean speed 
[Absolute 
difference] 
Average driving speed seems 
reduced and lane keeping 
shifted toward the middle of 
the road. The indication of 
design classes has positive 
effects on driving behaviour. 
5 
Wong, S. C., Sze, 
N. N., Hung, W. 
T., Loo, B. P., & 
Lo, H. K.; 2006; 
China  
An observational before-and-
after study to assess the 
effects of a scheme placing 
reflective road markings on 
approach lanes to the toll 
plaza and erection of a gantry 
sign to distinguish the auto-
toll lane. 
Multi-factor ANOVA and 
Before-and-after 
comparison 
Lane changing rate; 
Conflict count; 
[Relative difference, 
Percentage change] 
Overall lane-changing rate 
decreased significantly and 
conflict and crash counts also 
decreased sharply. 
6 [j] 
Hunter, M., 
Bonusprint, S., 
Guin, A., Rodgers, 
M., & Jared, D.; 
2010; United 
States  
An investigation into the 
effectiveness of chevron 
markings in reducing vehicle 
speeds on two-lane freeway-
to-freeway directional ramps. 
Statistical comparison at 
preselected sites of speeds 
before and after the 
installation of the chevron 
markings. 
Lead Vehicle (free flow) 
Analysis and Monte 
Carlo Analysis 
Change in the mean 
speed across the 
before and the 9th 
month after time 
periods [Absolute 
difference] 
Speed reduction is on the 
order of 0.5 to 2.0 mph, with 
much of this effect related to 
increased speed on the 
control ramp. The chevron 
marks had little to no effect 
for speed reductions 
between the detectors. 
7 [j] 
Montella, A., Aria, 
M., D’Ambrosio, 
A., Galante, F., 
Mauriello, F., & 
Pernetti, M.; 2011; 
Italy  
23 drivers drove in a 
simulation a test route two 
times. The order of the ten 
design conditions was 
counterbalanced for all drivers 
to minimize the presentation 
order effect. 
Cluster and categorical 
analyses and ANOVA 
testing 
Speed, deceleration 
and lateral position 
[Absolute 
difference] 
All treatments were effective 
both in reducing speed and in 
changing drivers’ 
deceleration behaviour; 
some more than others. 
Combined treatments were 
significantly more effective 
than single treatments. 
8 [j] 
Wong, S. C., Sze, 
N. N., Loo, B. P., 
Chow, A. S., Lo, 
H. K., & Hung, W. 
T.; 2012; China 
Observational and 
questionnaire surveys were 
conducted to assess how a 
proposed roundabout 
marking system affected 
driver behaviour, level of 
service, and safety 
performance.  
A multivariable 
regression approach was 
used to assess the 
influence of the spiral-
marking system on the 
operational efficiency of 
the roundabouts. 
Approach lane 
choice, circulating 
time, lane-crossing 
rate, conflict count 
[Model slope, 
Percentage change] 
Results showed that traffic 
conflicts at one roundabout 
(two months after 
implementation) and 
another roundabout (two 
years after) decreased 
marginally.  
 
Table 1: Description of coded studies 
2.2 Description of analysis carried out 
Table 2 is presented in the the supporting document. It summarizes the quantitative results 
of the coded studies, along with their general effects on road safety,. 
After collectively reviewing the results, the following points were observed: 
a) There is an adequate number of studies. However, 
b) The studies did not all use the same methods for analysis 
c) There are a few similar indicators but at times these are expressed differently 
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d) The sampling frames were different, and there was a lack of statistical verification  
e) One meta-analysis is already included  
For all of these reasons a meta-analysis is not feasible. Given the study differences a vote-
count analysis seemed inappropriate, so a review-type analysis is conducted. The effect of 
the road markings implementation measures are given via qualitative analysis. 
2.3 Results of the analysis for road markings implementation 
2.3.1 Review type analysis 
The studies reported mostly positive results regarding outcomes of variables for road 
safety. The results of the meta-analysis are of particular importance, given that they 
present a summary of the current research as available in the literature.   
The meta-analysis (Van Driel et al., 2004) examined road markings implementation 
treatments via the investigation of the effects of an edgeline on speed and lateral position 
of motorized road users. Considerable statistically significant correlations were found 
between changes in mean speed and alteration of road markings (R2 = 0.655 to 0.660), and 
between changes in mean lateral position and road delineators (R2 = 0.276). The meta-
analysis study presented several ranges of results for the parameters of speed and lateral 
position (without statistical verification) and concluded that the effects of an edgeline on 
speed are related to the presence of a centreline. A further conclusion is that shoulder width 
and road environment contribute to the effects of an edgeline on lateral position.  
Wong et al. (2006) investigated the impacts on a toll plaza of a trial traffic guidance scheme 
(including the installation of reflective road markings) and the erection of a gantry sign that 
clearly distinguishes the respective auto-toll lane. Results for crash counts showed crash 
reductions that were mostly significant, ranging from -26.2% to -61.7%. Absolute 
differences for lane changing rates ranged from -32.8% to -41.5%.  
Wong et al. (2012) further investigated the implementation of a spiral marking system on 
four roundabouts in Hong Kong. Similar variables were investigated, but the confidence 
intervals provided for conflict counts confirmed that despite showing mostly reductions, the 
figures were not statistically significant. Model slopes ranged from  
-0.602 to 0.303.  
Daniels et al. (2010) investigated the effect of line and number marking installation on 
median speeds. Several effects with different signs were found. The periods that followed 
drawing the markings (either immediately or after four months) appeared to show a 
reduction in speeds, but the effect seemed to disappear after a trend correlation (for 
instance, a statistically significant speed difference of -1.01 km/h would change to +1.90 
km/h, respectively). Notably, periods immediately following the erection of an information 
panel appeared to demonstrate some of the most positive effects on road safety. It can be 
concluded that overall, this study reveals mixed and unclear effects. Some speed increases 
can be accounted for by the provision of a sense of security after installation of certain road 
markings. Drivers perceived this security, and felt they had a safe margin to further increase 
their speed. 
Similarly, another study investigated the implementation of chevron markings at 
interchanges (Hunter et al., 2010). Results reported for mean speed changes were 100% 
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positive, with reductions ranging from -0.29 to -2.55 km/h, although several effects were 
not statistically significant.  
Richter and Zierke, (2010) focused on the impacts of a new cross-sectional design involving 
the merging of two lanes into to one, by reconfiguring the painting on a test track. Several 
speed groupings and analyses were conducted, involving different locations and directions. 
All reported results showed decreases when comparing the initial condition with those 
three months or one year afterwards, although several effects were not statistically 
significant. It should be noted that 85%, 50% and 15% speeds were all reduced by 9, 6 or 7 
km/h as a maximum respectively.  
Räsänen, (2005) investigated the effects of repainting the barrier lane on vehicle 
encroachments, lateral position and average speed, conducting separate analyses for cars 
and trucks, and taking various traffic flow states into consideration. The results were mostly 
positive for the encroachment parameter, although several effects were not statistically 
significant. The results were not as clear for average vehicle speeds (ranging from -1.30 to 
+1.10 km/h), or for lateral position (ranging from -2.80 to +5.20 cm). 
The final study (Montella et al., 2011), performed a major simulation experiment, involving 
the implementation of different perceptual cues. Ten different marking configurations were 
examined, nine of which involved a four-leg intersection. Results showed that seven 
treatments were effective, both in reducing speed and in changing drivers’ deceleration 
behaviour. The most effective treatments were the dragon teeth markings, and combined 
treatments were significantly more effective than single treatments. There were significant 
speed reductions beginning 250 m before the intersection in the range between 13 and 23 
km/h. 
2.3.2 Overall estimate for road safety 
On the basis of both study and effect numbers, it can be argued that road markings 
implementation measures have a mostly positive effect on road safety. The positive effects 
outnumber the negative effects by a considerable margin, and many outcomes are 
statistically significant. The examined group of studies includes one meta-analysis, which 
encompasses the benefit of several other studies. Its results also show significant benefits 
on a road safety basis. Overall, crash occurrence and severity are mitigated, and only one 
specific crash type is more frequent (rear-end crashes), owing to the nature of the 
treatments. In summary, results consistently show that the examined measure does 
efficiently change road safety levels in most cases. This leads to the assignment of the Light 
Green colour code for road markings implementation.  
2.4 CONCLUSION 
The review-type qualitative analysis carried out showed that road markings implementation 
measures have a mostly positive impact on road safety, for the aspects of conflict number 
reduction and lane changing rate reduction. Conversely, the outcomes regarding median 
and average speeds were unclear and mixed, showing increases, decreases, and marginal 
effects. There are several road markings configurations that can be explored and 
implemented. Overall, there are a considerable number of positive effects, with sufficient 
statistical verification, to consider this measure mostly beneficial and to suggest it for field 
implementation. The positive effects outnumber the negative effects by a considerable 
margin, and many outcomes are statistically significant. This leads to the assignment of the 
Light Green colour code for road marking implementation measures. 
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3 SUPPORTING DOCUMENT 
3.1 Supporting quantitative table 
Table 2 is shown below, and includes all quantitative effects from the coded studies for the 
measures of road markings implementation.  
Number 
Author(s); 
Year; Country 
Measure Exposure  
Outcome 
indicator 
Quantitative Estimate 
Effect on road 
safety 
1 
Van Driel, C. 
J., Davidse, R. 
J., & van 
Maarseveen, 
M. F.; 2004; 
Netherlands, 
United States  
[meta-
analysis] 
No lines → edgeline,  
centerline → 
centerline + 
edgeline; 
No lines → edgeline,  
centerline → no 
centerline + edgeline  
Speed 
[Correlation 
coefficient] 
Study Country: The Netherlands; 
Mean Speed  
r=0.6600, p<0.0010 
↑ 
No lines → edgeline,  
centerline → no 
centerline + edgeline 
Study Country: The Netherlands; 
Mean Speed/st.dev of speed  
r=0.6550, p<0.0100 
↑ 
Presence of 
delineators and 
absence of 
delineators  
Lateral 
position 
[Correlation 
coefficient] 
Study Country: United States; 
Mean lateral position 
r=0.2760, p<0.0500 
↑ 
Road delineator 
(edgeline) presence  
Speed 
[Absolute 
difference] 
Study Countries: Netherlands & USA 
Changes in Mean speed 
Mean = 0.9000 km/h, St.dev = 3.500 
- 
Study Countries: Netherlands & USA 
Changes in St. dev of speed 
Mean = 0.1300 km/h, St.dev = 1.580 
- 
Study Countries: Netherlands & USA 
Changes in Mean speed/St. dev of speed 
Mean = 0.2500 km/h, St.dev = 0.570 
- 
Lateral 
position 
[Absolute 
difference] 
Study Countries: Netherlands & USA 
Changes in Mean lateral position 
Mean = -2.200 km/h, St.dev = 11.610 
- 
Study Countries: Netherlands & USA 
Changes in St. dev of lateral position 
Mean = 2.700 km/h, St.dev = 4.280 
- 
Study Countries: Netherlands & USA 
Changes in Mean lateral position/St. dev of 
lateral position 
Mean = -0.1500 km/h, St.dev = 0.690 
- 
2 
Daniels, S., 
Vanrie, J., 
Dreesen, A., & 
Brijs, T.; 2010; 
Belgium 
Line markings 
installation 
Median 
absolute 
speeds 
[Absolute 
difference] 
Median  speeds;  
Period after drawing the markings,  
with trend correlation 
Abs. Dif. = 1.900, p<0.010 
↓ 
Median  speeds;  
Period after drawing the markings,  
without trend correlation 
Abs. Dif. = -1.010, p<0.010 
↑ 
Median  speeds;  
Period after erecting an information panel, 
with trend correlation 
Abs. Dif. = -0.3700, p = 0.050 
↑ 
Median  speeds;  
Period after erecting an information panel, 
without trend correlation 
Abs. Dif. = -0.5800, p = 0.050 
↑ 
Median  speeds;  
Period after four months, 
with trend correlation 
Abs. Dif. = -0.7300, p = 0.060 
↑* 
Median  speeds;  
Period after four months,  
without trend correlation 
Abs. Dif. = -1.860, p = 0.060 
↑* 
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Number 
Author(s); 
Year; Country 
Measure Exposure  
Outcome 
indicator 
Quantitative Estimate 
Effect on road 
safety 
Median  speeds;  
Period from the start after erecting  
an information panel,  
with trend correlation 
Abs. Dif. = 0.3700, p = 0.230 
↓* 
Median  speeds;  
Period from the start after erecting  
an information panel,   
without trend correlation 
Abs. Dif. = -1.870, p = 0.230 
↑* 
Median  speeds;  
Period from the start after four months,  
with trend correlation 
Abs. Dif. = 0.880, p = 0.010 
↓ 
Median  speeds;  
Period from the start after four months,  
without trend correlation 
Abs. Dif. = -2.760, p = 0.010 
↑ 
Number markings 
installation 
Median  speeds;  
Period after drawing the markings,  
with trend correlation 
Abs. Dif. = -0.2200, p = 0.2500 
↑* 
Median  speeds;  
Period after drawing the markings,  
without trend correlation 
Abs. Dif. = -0.9800, p = 0.2500 
↑* 
Median  speeds;  
Period after erecting an information panel,  
with trend correlation 
Abs. Dif. = 0.1900, p = 0.0100 
↓ 
Median  speeds;  
Period after erecting an information panel,  
without trend correlation 
Abs. Dif. = -0.6600, p = 0.0100 
↑ 
Median  speeds;  
Period after four months, 
with trend correlation 
Abs. Dif. = 2.090, p < 0.010 
↓ 
Median  speeds;  
Period after four months,  
without trend correlation 
Abs. Dif. = 2.130, p < 0.010 
↓ 
Median  speeds;  
Period from the start after erecting  
an information panel,  
with trend correlation 
Abs. Dif. = -1.2200, p < 0.010 
↑ 
Median  speeds;  
Period from the start after erecting  
an information panel,   
without trend correlation 
Abs. Dif. = -2.630, p < 0.010 
↑ 
Median  speeds;  
Period from the start after four months,  
with trend correlation 
Abs. Dif. = 0.8800, p = 0.040 
↓ 
Median  speeds;  
Period from the start after four months,  
without trend correlation 
Abs. Dif. = -2.760, p = 0.040 
↑ 
3 
Räsänen, M.; 
2005; Finland 
Re-painting the 
barrier line  
Encroachme
nt on the 
barrier line 
[Percentage 
Road user group - all users, 
Traffic flow - free,  
Traffic presence - total, 
Percentage change = -3.10%, p < 0.010 
↑ 
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Number 
Author(s); 
Year; Country 
Measure Exposure  
Outcome 
indicator 
Quantitative Estimate 
Effect on road 
safety 
difference] Road user group - all users, 
Traffic flow - free, 
Traffic presence - no oncoming traffic, 
Percentage change = -4.10%, p < 0.010 
↑ 
Road user group - all users, 
Traffic flow - free, 
Traffic presence - with oncoming traffic, 
Percentage change = -0.10%, p = N/A 
↑* 
Road user group - all users, 
Traffic flow - in queue,  
Traffic presence - total, 
Percentage change = -3.00%, p < 0.050 
↑ 
Road user group - all users, 
Traffic flow - in queue, 
Traffic presence - no oncoming traffic, 
Percentage change = -4.30%, p < 0.010 
↑ 
Road user group - all users, 
Traffic flow - in queue, 
Traffic presence - with oncoming traffic, 
Percentage change = -0.30%, p = N/A 
↑* 
Road user group - cars, 
Traffic flow - free, 
Traffic presence - total, 
Percentage change = -53.00%, p < 0.0010 
↑ 
Road user group - cars, 
Traffic flow - free, 
Traffic presence - no oncoming traffic, 
Percentage change = -6.70%, p < 0.0010 
↑ 
Road user group - cars, 
Traffic flow - free, 
Traffic presence - with oncoming traffic, 
Percentage change = -1.20%, p = N/A 
↑* 
Road user group - cars, 
Traffic flow - in queue,  
Traffic presence - total, 
Percentage change = -3.60%, p < 0.050 
↑ 
Road user group - cars, 
Traffic flow - in queue, 
Traffic presence - no oncoming traffic, 
Percentage change = -5.10%, p < 0.010 
↑ 
Road user group - cars, 
Traffic flow - in queue, 
Traffic presence - with oncoming traffic, 
Percentage change = -0.30%, p = N/A 
↑* 
Road user group - trucks, 
Traffic flow - free,  
Traffic presence - total, 
Percentage change = -3.40%, p = N/A 
↑* 
Road user group - trucks, 
Traffic flow - free, 
Traffic presence - no oncoming traffic, 
Percentage change = -4.30%, p = N/A 
↑* 
Road user group - trucks, 
Traffic flow - free, 
Traffic presence - with oncoming traffic, 
Percentage change = 0.00%, p = N/A 
- 
Variation in 
lateral 
positions  
[Absolute 
difference] 
Road user group - cars, 
Traffic flow - free,  
Traffic presence - total, 
Abs. Dif. = 4.30,  
S.D. before = 34.3, S.D. after = 29.9  
↓ 
Road user group - cars, 
Traffic flow - free, 
Traffic presence - no oncoming traffic, 
Abs. Dif. = 3.30,  
S.D. before = 35.3 , S.D. after = 27.7 
↓ 
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Number 
Author(s); 
Year; Country 
Measure Exposure  
Outcome 
indicator 
Quantitative Estimate 
Effect on road 
safety 
Road user group - cars, 
Traffic flow - free, 
Traffic presence - with oncoming traffic, 
Abs. Dif. = 5.20,  
S.D. before = 26.4 , S.D. after = 28.9 
↓ 
Road user group - cars, 
Traffic flow - in queue,  
Traffic presence - total, 
Abs. Dif. = -2.30,  
S.D. before = 33.1 , S.D. after = 27.3 
↑ 
Road user group - cars, 
Traffic flow - in queue,  
Traffic presence - no oncoming traffic, 
Abs. Dif. = -2.30,  
S.D. before = 32.1 , S.D. after = 26.6  
↑ 
Road user group - cars, 
Traffic flow - in queue,  
Traffic presence - with oncoming traffic, 
Abs. Dif. = -2.80,  
S.D. before = 31.3 , S.D. after = 24.7 
↑ 
Road user group - trucks, 
Traffic flow - free,  
Traffic presence - total, 
Abs. Dif. = 0.80,  
S.D. before = 24.7 , S.D. after = 23.0 
↓ 
Road user group - trucks, 
Traffic flow - free,  
Traffic presence - no oncoming traffic, 
Abs. Dif. = 0.70,  
S.D. before = 23.2 , S.D. after = 21.1 
↓ 
Road user group - trucks, 
Traffic flow - free,  
Traffic presence - with oncoming traffic, 
Abs. Dif. = -0.70,  
S.D. before = 24.0 , S.D. after = 23.3  
↑ 
Road user group - trucks, 
Traffic flow - in queue,  
Traffic presence - total, 
Abs. Dif. =-1.50,  
S.D. before = 25.0 , S.D. after = 24.4 
↑ 
Average 
speeds 
[Absolute 
difference] 
Road user group - cars, 
Traffic flow - free,  
Traffic presence - total, 
Abs. Dif. After - before = -0.40 km/h,  
S.D. before = 12.3 , S.D. after = 10.8  
- 
Road user group - cars, 
Traffic flow - free, 
Traffic presence - no oncoming traffic, 
Abs. Dif. = -1.30 km/h,  
S.D. before = 12.3 , S.D. after = 10.5 
↑ 
Road user group - cars, 
Traffic flow - free, 
Traffic presence - with oncoming traffic, 
Abs. Dif. = 1.90 km/h,  
S.D. before = 11.9 , S.D. after = 11.5 
- 
Road user group - cars, 
Traffic flow - in queue,  
Traffic presence - total, 
Abs. Dif. After - before = 0.90 km/h,  
S.D. before = 9.8 , S.D. after = 8.3  
- 
Road user group - cars, 
Traffic flow - in queue,  
Traffic presence - no oncoming traffic, 
Abs. Dif. = 1.10 km/h,  
S.D. before = 10.1 , S.D. after = 8.2 
↓ 
Safety Cube | Synopsis on Road markings | Road markings implementation  13 
Number 
Author(s); 
Year; Country 
Measure Exposure  
Outcome 
indicator 
Quantitative Estimate 
Effect on road 
safety 
Road user group - cars, 
Traffic flow - in queue,  
Traffic presence - with oncoming traffic, 
Abs. Dif. = 0.30 km/h, 
S.D. before = 8.9 , S.D. after = 8.8 
- 
4 
Richter, T., & 
Zierke, B.; 
2010; Germany  
New Cross-section 
design:  
from two lanes to 
single lane  
85% speed 
(V85) 
[Absolute 
difference] 
Location - test track, direction: 1, 
Abs. Dif. After - before = -2.90 km/h, 
Comparison time: 1 year 
- 
Location - test track, direction: 2, 
Abs. Dif. After - before = -1.70 km/h 
Comparison time: 1 year 
- 
Location - location 1, direction: 1, 
Abs. Dif. After - before = -6.00 km/h,  
p < 0.0010, Comparison time: 3 months 
↑ 
Location - location 1, direction: 2, 
Abs. Dif. After - before = 0.00 km/h,  
p < 0.0010, Comparison time: 3 months 
- 
Location - location 2, direction: 1, 
Abs. Dif. After - before = -9.00 km/h,  
p < 0.0010, Comparison time: 3 months 
↑ 
Location - location 2, direction: 2, 
Abs. Dif. After - before = -4.00 km/h,  
p < 0.0010, Comparison time: 3 months 
↑ 
50% speed 
(V50) 
[Absolute 
difference] 
Location - test track, direction: 1, 
Abs. Dif. After - before = -0.80 km/h, 
Comparison time: 1 year 
- 
Location - test track, direction: 2, 
Abs. Dif. After - before = -1.00 km/h 
Comparison time: 1 year 
- 
Location - location 1, direction: 1, 
Abs. Dif. After - before = -4.00 km/h,  
p < 0.0010, Comparison time: 3 months 
↑ 
Location - location 1, direction: 2, 
Abs. Dif. After - before = -2.00 km/h,  
p = 0.0380, Comparison time: 3 months 
↑ 
Location - location 2, direction: 1, 
Abs. Dif. After - before = -6.00 km/h,  
p < 0.0010, Comparison time: 3 months 
↑ 
Location - location 2, direction: 2, 
Abs. Dif. After - before = -6.00 km/h,  
p < 0.0010, Comparison time: 3 months 
↑ 
15% speed 
(V15) 
[Absolute 
difference] 
Location - test track, direction: 1, 
Abs. Dif. After - before = -0.60 km/h, 
Comparison time: 1 year 
- 
Location - test track, direction: 2, 
Abs. Dif. After - before = -0.20 km/h 
Comparison time: 1 year 
- 
Location - location 1, direction: 1, 
Abs. Dif. After - before = -5.00 km/h,  
p < 0.0010, Comparison time: 3 months 
↑ 
Location - location 1, direction: 2, 
Abs. Dif. After - before = -3.00 km/h,  
p = 0.0380, Comparison time: 3 months 
↑ 
Location - location 2, direction: 1, 
Abs. Dif. After - before = -7.00 km/h,  
p < 0.0010, Comparison time: 3 months 
↑ 
Location - location 2, direction: 2, 
Abs. Dif. After - before = -3.00 km/h,  
p < 0.0010, Comparison time: 3 months 
↑ 
5 
Wong, S. C., 
Sze, N. N., 
Hung, W. T., 
Loo, B. P., & 
Lo, H. K.; 
2006; China  
Trial traffic guidance 
scheme 
implementation 
(reflective road 
markings and gantry 
sign installation) 
Lane 
changing 
rate 
[Relative 
difference] 
Period - Peak 
Difference of line changing rates  
(after - before) = -0.0800, p < 0.0110 
↑ 
Period - Non peak 
Difference of line changing rates  
(after - before) = -0.0870, p = 0.0110 
↑ 
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Number 
Author(s); 
Year; Country 
Measure Exposure  
Outcome 
indicator 
Quantitative Estimate 
Effect on road 
safety 
Period - Sunday 
Difference of line changing rates  
(after - before) = -0.0780, p = 0.0110 
↑ 
Lane 
changing 
rate 
[Percentage 
change] 
Period - Peak 
Difference of line changing rates  
(percentages) = -32.80%, p = 0.0110 
↑ 
Period - Non peak 
Difference of line changing rates  
(percentages) = -39.20%, p = 0.0110 
↑ 
Period - Sunday 
Difference of line changing rates  
(percentages) = -41.50%, p = 0.0110 
↑ 
Conflict 
count 
[Percentage 
change] 
Period - Peak  
Average percentage reduction  
(after - before) = -29.90%,  
p = 0.0100, CI [95%] = (-0.8020, 1.4840) 
Probability of conflict reduction 70.9% 
↑ 
Period - Non-peak  
Average percentage reduction  
(after - before) = -26.20%,  
p = 0.0100, CI [95%] = (-0.7660, 1.3250) 
Probability of conflict reduction 69.8% 
↑ 
Period - Sunday  
Average percentage reduction  
(after - before) = -61.70%,  
p = 0.0100, CI [95%] = (-0.8960, 0.4160) 
Probability of conflict reduction 92.5% 
↑ 
Period - Scheme entirety  
Average percentage reduction  
(after - before) = -38.10%,  
p = 0.0500, CI [95%] = (-0.7800, 0.7420) 
Probability of crash count reduction 81.8% 
- 
6 [j] 
Hunter, M., 
Boonsiripant, 
S., Guin, A., 
Rodgers, M., & 
Jared, D.; 
2010; United 
States  
Implementation of 
chevron markings at 
interchanges 
Mean speed 
change 
[Absolute 
difference] 
Speed measurement:  
Downstream detector mean  
Ramp type: Site A treatment  
Detector: S012, Left lane  
Abs. Dif. = -0.190,  
CI [95%] = (-0.4700, 0.090) 
- 
Speed measurement:  
Downstream detector mean  
Ramp type: Site A treatment  
Detector: S012, Right lane  
Abs. Dif. = -0.290,  
CI [95%] = (-0.5300, -0.060) 
↑ 
Speed measurement:  
Downstream detector mean  
Ramp type: Site A treatment  
Detector: S011 to S012, Left lane  
Abs. Dif. = -1.640,  
CI [95%] = (-2.150, -1.130) 
↑ 
Speed measurement:  
Downstream detector mean  
Ramp type: Site A treatment  
Detector: S011 to S012, Right lane  
Abs. Dif. = -1.240,  
CI [95%] = (-1.7400, -0.7400) 
↑ 
Speed measurement:  
Downstream detector mean  
Ramp type: Site B treatment  
Detector: S022, Left lane  
Abs. Dif. = 0.4400,  
CI [95%] = (-0.0500, 0.9300) 
- 
Speed measurement:  
Downstream detector mean  
Ramp type: Site A treatment  
Detector: S022, Right lane  
Abs. Dif. = -0.4800,  
- 
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Number 
Author(s); 
Year; Country 
Measure Exposure  
Outcome 
indicator 
Quantitative Estimate 
Effect on road 
safety 
CI [95%] = (-0.9900, 0.0300) 
Speed measurement:  
Downstream detector mean  
Ramp type: Site A treatment  
Detector: S021 to S022, Left lane  
Abs. Dif. = -1.300,  
CI [95%] = (-2.0400, -0.5600) 
↑ 
Speed measurement:  
Downstream detector mean  
Ramp type: Site A treatment  
Detector: S021 to S022, Right lane  
Abs. Dif. = -2.5500,  
CI [95%] = (-3.3200. -1.7700) 
↑ 
7 [j] 
Montella, A., 
Aria, M., 
D’Ambrosio, 
A., Galante, F., 
Mauriello, F., 
& Pernetti, M.; 
2011; Italy  
Implementation of 
different perceptual 
cues during 
simulations. During 
the route the drivers 
ran through ten 
different tangent 
configurations, 
corresponding to a 
tangent without 
intersections and 
nine tangents with a 
four leg intersection 
located in the middle 
of the tangent. 
Mean speed 
change 
[Absolute 
difference] 
Alternative treatment code: Alt4 
Distance from intersection: -500 m  
Deceleration model: Not considered 
Difference between the alternative 
treatment and the base intersection (alt2) 
Abs. Dif. = -3.300 km/h, p = 0.0090 
St. Dev. = [16.96 - 14.84] km/h 
↑ 
Alternative treatment code: Alt4 
Distance from intersection: -250 m  
Deceleration model: Not considered 
Difference between the alternative 
treatment and the base intersection (alt2) 
Abs. Dif. = -16.70 km/h, p < 0.0010 
St. Dev. = [18.23 - 17.44] km/h 
↑ 
Alternative treatment code: Alt4 
Distance from intersection: -150 m  
Deceleration model: Not considered 
Difference between the alternative 
treatment and the base intersection (alt2) 
Abs. Dif. = -19.49 km/h, p < 0.0010 
St. Dev. = [20.19 - 17.47] km/h 
↑ 
Alternative treatment code: Alt4 
Distance from intersection: -75 m  
Deceleration model: Not considered 
Difference between the alternative 
treatment and the base intersection (alt2) 
Abs. Dif. = -18.87 km/h, p < 0.0010 
St. Dev. = [21.85 - 18.21] km/h 
↑ 
Alternative treatment code: Alt4 
Distance from intersection: 0 m  
Deceleration model: Not considered 
Difference between the alternative 
treatment and the base intersection (alt2) 
Abs. Dif. = -10.66 km/h, p < 0.0010 
St. Dev. = [20.16 - 21.15] km/h 
↑ 
Alternative treatment code: Alt5 
Distance from intersection: -500 m  
Deceleration model: Not considered 
Difference between the alternative 
treatment and the base intersection (alt2) 
Abs. Dif. = -2.63 km/h, p = 0.0280 
St. Dev. = [15.60 - 14.84] km/h 
↑ 
Alternative treatment code: Alt5 
Distance from intersection: -250 m  
Deceleration model: Not considered 
Difference between the alternative 
treatment and the base intersection (alt2) 
Abs. Dif. = -15.28 km/h, p < 0.0010 
St. Dev. = [19.00 - 17.44] km/h 
↑ 
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Number 
Author(s); 
Year; Country 
Measure Exposure  
Outcome 
indicator 
Quantitative Estimate 
Effect on road 
safety 
Alternative treatment code: Alt5 
Distance from intersection: -150 m  
Deceleration model: Not considered 
Difference between the alternative 
treatment and the base intersection (alt2) 
Abs. Dif. = -14.31 km/h, p < 0.0010 
St. Dev. = [18.85 - 17.47] km/h 
↑ 
Alternative treatment code: Alt5 
Distance from intersection: -75 m  
Deceleration model: Not considered 
Difference between the alternative 
treatment and the base intersection (alt2) 
Abs. Dif. = -14.31 km/h, p = 0.0010 
St. Dev. = [18.85 - 17.47] km/h 
↑ 
Alternative treatment code: Alt5 
Distance from intersection: 0 m  
Deceleration model: Not considered 
Difference between the alternative 
treatment and the base intersection (alt2) 
Abs. Dif. = -14.24 km/h, p = 0.0030 
St. Dev. = [22.29 - 18.21] km/h 
↑ 
Mean lateral 
position 
[Absolute 
difference] 
Alternative treatment code: Alt10 
Distance from intersection: -250 m  
Deceleration model: Not considered 
Difference between the alternative 
treatment and the base intersection (alt2) 
Abs. Dif. = -0.18 m, p = 0.0270 
St. Dev. = [0.38 - 0.39] m 
↑ 
Alternative treatment code: Alt10 
Distance from intersection: -150 m  
Deceleration model: Not considered 
Difference between the alternative 
treatment and the base intersection (alt2) 
Abs. Dif. = -0.52 m, p < 0.0010 
St. Dev. = [0.28 - 0.41] m 
↓ 
Alternative treatment code: Alt10 
Distance from intersection: -75 m  
Deceleration model: Not considered 
Difference between the alternative 
treatment and the base intersection (alt2) 
Abs. Dif. = -0.65 m, p < 0.0010 
St. Dev. = [0.21 - 0.37] m 
↓ 
Alternative treatment code: Alt10 
Distance from intersection: 0 m  
Deceleration model: Not considered 
Difference between the alternative 
treatment and the base intersection (alt2) 
Abs. Dif. = -0.59 m, p < 0.0010 
St. Dev. = [0.21 - 0.34] m 
↓ 
8 [j] 
Wong, S. C., 
Sze, N. N., 
Loo, B. P., 
Chow, A. S., 
Lo, H. K., & 
Hung, W. T.; 
2012; China 
Implementation of a 
spiral-marking 
system 
Approach 
lane choice 
[Slope] 
Observation period - two months after, 
Location - all, Slope = 0.050 - 
Observation period - two years after, 
Location - all, Slope = 0.060 - 
Circulating 
time [Slope] 
Observation period - two months after, 
Location - all, Slope = - 0.750 - 
Observation period - two years after, 
Location - all, Slope = 0.550 - 
Lane-
crossing rate 
[Slope] 
Observation period - two months after, 
Location - all, Slope = - 0.700 - 
Observation period - two years after, 
Location - all, Slope = 0.400 - 
Conflict 
count 
[Percentage 
change] 
Observation period - two months after, 
Location - Lei Yue Mun, Slope = 0.000, 
CI [95%] = (-0.5210, 1.0870) 
- 
Observation period - two months after, 
Location - Tseung Kwan O, Slope = -0.1330, 
CI [95%] = (-0.4820, 0.4510) 
- 
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Number 
Author(s); 
Year; Country 
Measure Exposure  
Outcome 
indicator 
Quantitative Estimate 
Effect on road 
safety 
Observation period - two months after, 
Location - Tuen Mun, Slope = -0.6020, 
CI [95%] = (-0.8480, 0.0410) 
- 
Observation period - two months after, 
Location - Chai Wan, Slope = -0.1510, 
CI [95%] = (-0.5390, 1.8750) 
- 
Observation period - two years after, 
Location - Lei Yue Mun, Slope = 0.000, 
CI [95%] = (-0.5210, 1.0870) 
- 
Observation period - two years after, 
Location - Tseung Kwan O,  
Slope = -0.4440, 
CI [95%] = (-0.6920, 0.0040) 
- 
Observation period - two years after, 
Location - Tuen Mun, Slope = -0.4320, 
CI [95%] = (-0.7530, 0.3100) 
- 
Observation period - two years after, 
Location - Chai Wan, Slope =0.3030, 
CI [95%] = (-0.4640, 2.1680) 
- 
  
↑ denotes positive road safety effects - denotes unclear or marginal road safety effects 
↓ denotes negative road safety effects 
* denotes that no statistical analysis was conducted for the significance of 
the effects  
Table 2: Quantitative results of coded studies and impacts on road safety. 
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3.2 Methodology 
3.2.1 Literature search 
This chapter outlines the literature search carried out for the measure of road markings 
implementation examined in this synopsis. The results are summarized in the relevant 
tables. 
3.3 Identifying relevant studies for road markings implementation 
Limitations/Exclusions: 
• Search field: TITLE-ABS-KEY 
• Published: 1990 to current 
• Document Type: “Review” and “Article” 
• Language: “English” 
• Source Type: “Journal“ 
• Only Transport Journals were considered 
• Subject Area: “Engineering” 
 
Database: Google scholar    Date: 20th of December 2016 
search no. search terms / operators / combined queries hits 
#1 "road" AND "markings" OR "delineation" 
 
#2 AND "speed" 28 
#3 AND "traffic" 23 
#4 AND "safety" 14 
 
Database: TRID (trid.trb.org) Date: 20th of December 2016 
search no. search terms / operators / combined queries hits 
#1 "road" AND "markings" OR "delineation" 
 
#2 AND "speed" 5 
#3 AND "traffic" 5 
#4 AND "safety" 15 
 
Database: Science Direct   Date: 20th of December 2016 
search no. search terms / operators / combined queries hits 
#1 "road" AND "markings" OR "delineation" 
 
#2 AND "speed" 42 
#3 AND "traffic" 53 
#4 AND "safety" 47 
 
3.4 Results of Literature Search 
 
Database Hits 
Scopus (remaining papers after several limitations/exclusions) 65 
TRID 20 
Science Direct 142 
Total number of studies to screen title/abstract 224 
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3.5 Screening  
Total number of studies to screen title/ abstract 224 
-De-duplication 0 
-exclusion criteria A (not related to the topic/not relevant risk factor) 91 
-exclusion criteria B (part of meta-analysis) 0 
Remaining studies 133 
Not clear (full-text is needed) 34 
Studies to obtain full-texts 34 
3.6 Eligibility  
Total number of studies to screen full-text 33 
Full-text could be obtained 30 
Reference list examined Y/N Yes (+0 papers) 
Eligible papers prioritized  8 
 
3.7 Prioritizing coding  
- Prioritizing Step A (accidents over other performance indicators)  
- Prioritizing Step B (Journals over conferences and reports) 
- Prioritizing Step C (journal quality) 
- Prioritizing Step D (more recent studies) 
- Prioritizing Step E (some studies that focus on junctions required) 
 
3.8 List of coded studies for road markings implementation [general] 
 
1. Van Driel, C. J., Davidse, R. J., & van Maarseveen, M. F. (2004). The effects of an 
edgeline on speed and lateral position: a meta-analysis. Accident Analysis & 
Prevention, 36(4), 671-682. 
 
2. Daniels, S., Vanrie, J., Dreesen, A., & Brijs, T. (2010). Additional road markings as an 
indication of speed limits: Results of a field experiment and a driving simulator 
study. Accident Analysis & Prevention, 42(3), 953-960. 
 
3. Räsänen, M. (2005). Effects of a rumble strip barrier line on lane keeping in a curve. 
Accident Analysis & Prevention, 37(3), 575-581. 
 
4. Richter, T., & Zierke, B. (2010). Effect of a New Cross-Section Design on Low-
Volume Roads. Transportation Research Record: Journal of the Transportation 
Research Board, (2195), 14-19. 
 
5. Wong, S. C., Sze, N. N., Hung, W. T., Loo, B. P., & Lo, H. K. (2006). The effects of a 
traffic guidance scheme for auto-toll lanes on traffic safety at toll plazas. Safety 
science, 44(9), 753-770. 
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3.9 List of coded studies for road markings implementation [junctions] 
 
6. Hunter, M., Boonsiripant, S., Guin, A., Rodgers, M., & Jared, D. (2010). Evaluation of 
effectiveness of converging chevron pavement markings in reducing speed on 
freeway ramps. Transportation Research Record: Journal of the Transportation 
Research Board, (2149), 50-58.  
 
7. Montella, A., Aria, M., D’Ambrosio, A., Galante, F., Mauriello, F., & Pernetti, M. 
(2011). Simulator evaluation of drivers’ speed, deceleration and lateral position at 
rural intersections in relation to different perceptual cues. Accident Analysis & 
Prevention, 43(6), 2072-2084. 
 
8. Wong, S. C., Sze, N. N., Loo, B. P., Chow, A. S., Lo, H. K., & Hung, W. T. (2012). 
Performance evaluations of the spiral-marking roundabouts in Hong Kong. Journal 
of transportation engineering, 138(11), 1377-1387. 
 
3.10 List of studies included in the meta-analysis of Van Driel et al. (2004) 
 
1. Czar, M., Jacobs, D., 1972. Center line marking patterns. In: Roadway Delineation 
Systems, NCHRP Report 130, pp. 260–270. 
2. Dart, O.K., 1965. A study of roadside delineator effectiveness on interstate 
highways. In: Proceedings of the Highway Research Board 44th Annual Meeting. 
3. De Waard, D., Steyvers, F.J.J.M., 1995. Carriageway Marking in Rural Areas: An 
Experiment With Edgelines (Wegbelijning in Rurale Verblijfsgebieden: Een 
Experiment Met Kantbelijning). VK 95-07. Traffic Research Centre, University of 
Groningen, Haren (in Dutch, English summary). 
4. De Waard, D., Steyvers, F.J.J.M., Brookhuis, K.A., 2000. Visual Information and 
Driving Behaviour: Results of a Driving Simulator Experiment (Visuele Informatie en 
Rijgedrag: Resultaten Van Een Experiment in de Rijsimulator). COV-00-09. Centre 
for Environmental and Traffic Psychology (COV), University of Groningen, 
Groningen (in Dutch, English summary). 
5. Hultman, B.A., McGee, H.W., 1972. Evaluation of raised pavement markers on a 
rural curve. In: Roadway Delineation Systems, NCHRP Report 130, pp. 252–259 
6. Jorol, N.H., 1962. Lateral vehicle placement as affected by shoulder design on rural 
Idaho highways. In: Proceedings of the Highway Research Board 41st Annual 
Meeting, pp. 415–432. 
7. Missouri State Highway Department, 1969. Some Effects of Pavement Edge Lines 
on Driver Behavior. Study 68-5. Missouri State Highway Department, Jefferson 
City, MO. 
8. Steyvers, F.J.J.M., De Waard, D., Garmann, M., 1996. The Effect of Road Edgelines 
on Car Driving in Darkness (Effecten Van Wegkantbelijning op Autorijden in Het 
Donker). VK 96-02. Transportation Research Centre, University of Groningen, 
Haren (in Dutch, English summary). 
9. Stimpson, W.A., McGee, H.W., Kittelson, W.K., Ruddy, R.H., 1977. Field Evaluation 
of Selected Delineation Treatments on Two-Lane Rural Highways. Final report. 
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FHWA-RD-77-119. Department of Transportation, Federal Highway Administration, 
Washington, DC. 
10. Thomas, I.L., 1958. Pavement edgelines on twenty-foot surfaces in Louisiana. 
Highway Res. Board Bull. 178, 12–20. 
11. Thomas, I.L., Taylor, W.T., 1959. Effect of edge striping on traffic operations. 
Highway Res. Board Bull. 244, 11–15. 
12. Van Huissteden, E., 1994. Road Characteristics and Driving Behaviour:An Inventory 
of Road and Environment Characteristics and a Study of the Influence of Some 
Road Characteristics on Driving Behaviour (Wegkarakteristieken en Rijgedrag. Een 
Inventarisatie Van Weg- en Omgevingskarakteristieken en Een Onderzoek Naar de 
Invloed Van Enkele Wegkarakteristieken op Het Rijgedrag). NHTV, Tilburg (in 
Dutch, English summary). 
13. Williston, R.M., 1960. Effect of pavement edge markings on operator behavior. 
Highway Res. Board Bull. 266, 8–27. 
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1 SUMMARY 
1.1 Colour code: Green 
Explanation:  
The effects of the installation of chevron signs at curves are mostly positive in reducing crash 
frequency and vehicles’ mean speed. The presence of chevrons also leads drivers to keep a 
proper lane position. Furthermore, the coded studies encompass several topics and have good 
levels of quality and consistency. For the reasons mentioned above, the overall impact of 
chevron signs is characterized as green (effective).  
1.2 Keywords 
Chevron sign; traffic sign; speed reduction; lateral position; curve warning; bendiness 
1.3 Abstract 
Chevron signs are widely used as safety devices to warn drivers of the severity of a curve by 
delineating the alignment of the road around that curve. Therefore, the presence of 
chevrons, either alone or combined with other devices, affects the level of road safety. 
Chevrons cause a reduction in the number of crashes and in driving speed, and have beneficial 
effects on lateral position. Seven high quality studies regarding various chevron sign 
implementations were coded. On the basis of both study and effect numbers, it can be 
argued that chevron signs have positive impacts on road safety. However, there were isolated 
cases where contradictory results were seen, indicating increases in speed. The results seem 
generally transferable. 
1.4 Background 
1.4.1 Definition of chevron signs 
Chevron signs are a common type of delineation treatment and are typically placed on the 
outside of a curve to warn a driver of an approaching bend and to aid and assist drivers in safe 
and efficient horizontal curve negotiation. A horizontal curve requires a change in vehicle 
path alignment and a potential reduction in vehicle speed. The change from a straight road 
section to a curve may present a challenging task during adverse driving conditions or to 
inattentive drivers. Delineation treatments provide advance warning on the approach to a 
curve and positive guidance throughout the curve. Chevron signs can be implemented as 
solitary signs or groups along the length of a curve, to give drivers a sense of perception and 
better space estimation. 
1.4.2 How do chevron signs affect road safety? 
Chevron signs are used to provide additional emphasis and guidance for a change in 
horizontal alignment, and have several impacts on road safety. Firstly, the installation of 
chevrons yields a reduction in crash frequency, especially for curves with small radii and large 
direction changes (wide deflection angles). Secondly, the presence of chevrons leads drivers 
to reduce mean speed and to keep a more stable lane position. Finally, chevrons have positive 
effects on drivers’ behaviour, especially on their eye movement and performance. Results 
show that drivers pay more attention to the roadside near chevrons; they are also more 
relaxed and their reduction in speed is more marked when chevrons are present. This finding 
indicates that chevron alignment signs do provide advanced warnings and positive guidance, 
and encourage drivers to reduce their speed more through curves, which improves safety in 
curve delineation.  
1.4.3 Which safety outcomes are affected by chevron signs? 
The reviewed studies focus on various outcomes. In some studies, the main focus is on 
estimating the reduction of the number of crashes as a result of the presence of chevrons, 
either with an absolute difference between before and after the installation, or with the 
calculation of the crash modification factors. Additionally, some studies investigate the 
effects of chevron signs on mean speed and lateral position. One study analyses the number 
of vehicles exceeding the speed limit. Finally, one simulation study investigates the impact 
of chevron alignment signs on drivers’ eye movement and degree of deceleration. 
1.4.4 How is the effect of chevron signs on road safety studied? 
The international literature has examined a variety of different approaches to studying the 
effect of chevron sign presence. Often this measure is examined in conjunction with others 
(e.g. curve warning signs, sequential flashing beacons, flashing yellow curve signs, etc.). The 
examination of the measure is adjusted to the models selected to capture the entire situation 
for the given case.  
The most common approach to testing the effectiveness of chevron signs is a comparison 
before and after their installation, or between exposed and non-exposed sites.  
1.4.5 Overview of results 
The installation of chevron signs tends to increase the level of road safety. Typically, the 
various study findings link chevrons to decreased crash frequency. One study shows a 
reduction in total crashes, and night-time, daytime, rainy, non-rainy (dry weather), run-off-
road, and property damage-only crashes, with a major effect for curves with small radii and 
large direction changes (big deflection angles). 
With regard to mean vehicle speed the majority of studies show a significant crash reduction, 
with a beneficial effect on road safety. Different measures of effectiveness were analysed, 
and results show a positive effect for chevrons and full-post chevrons1, for FY (flashing yellow) 
chevrons and for FY signposts (in addition to chevrons). Conversely, the combination of FY 
chevrons and FY curve signs was found to have small and inconsistent effects. Moreover, one 
study finds that speed reduction is affected by curve direction, but not by curve radius. 
Another study observes small benefits during the day and a more noticeable effect at night-
time and on sharp curves. Similarly, beneficial effects were also found for lateral vehicle 
position. No significant effects were coded in the number of vehicles exceeding the speed 
                                                           
1 1 Full-post placing retroreflective material on chevron signposts 
limit. Finally, one study analysed driver behaviour in terms of eye movement and degree of 
deceleration in braking or releasing the accelerator. Findings showed a positive effect of 
chevrons on road safety by reducing road crash percentages, mean speed and speeding 
instances, amongst other effects.  
1.4.6 Transferability 
The coded studies are based on data from several countries, including Italy, the USA, China 
and South Korea. Although this is a good sample for general trends in developed countries, 
there is a lack of studies representing less motorized countries. Some studies examine all 
motor vehicles, without differentiating for types of road users. Conversely, other studies 
focus solely on cars and heavy vehicles, whilst the studies using the simulator collect only car 
data. 
1.4.7 Notes on analysis methods 
The method of capturing the impact of chevron signs on road safety varies considerably 
between studies. This is utilised mainly in terms of the mathematical models, but additionally 
the outcomes are evaluated as dependent variables. There is also a certain margin for 
investigating different road user categories and/or other geographical regions. The 
combination of the above makes the results for chevron signs generally transferable, 
although relative caution is always required. 
  
2 SCIENTIFIC OVERVIEW 
2.1 Analysis of study designs and methods  
After appropriate use of various search tools and databases, seven (7) high quality studies 
were selected and coded to evaluate the effectiveness of the installation of chevrons signs on 
road safety. Four studies (Rè et al., 2010; Gates et al., 2004; Zhao et al., 2015; Rose et Carlson, 
2005) investigated the effects of chevrons on speed reduction; two of these studies (Rè et al., 
2010; Zhao et al., 2015) also analysed the vehicle lateral lane position, while a third (Rose et 
Carlson, 2005) examined the number of vehicles exceeding the speed limit. Another study 
(Montella, 2009) focused on crash reduction per different types of crashes (total, night-time, 
daytime, rainy, non-rainy, run-off-road, non-run-off-road, injury and property damage-only), 
on roads with different geometrical characteristics. In the sixth study (Wu et al., 2013) a 
comparative analysis was conducted to examine the changes in drivers’ eye movement (fixed 
points and fixed duration) and driving performance (degree of deceleration) due to the 
presence of chevron signs. Finally, the last study (Choi et al., 2015) analysed the crash 
frequency and developed the crash modification factors for different freeways. 
In order to examine the relationship between the various chevron exposures and outcome 
indicators, the majority of the studies used multivariate statistical models (i.e. generalized 
linear model with negative binomial distribution error structure, MANOVA, etc.). Two studies 
(Wu et al., 2013; Choi et al., 2015) did not mention any statistical analysis, but comparisons 
before and after the installation and between exposed and non-exposed sites were 
conducted. 
2.2 Literature review 
The first of the studies examining speed reduction (Rè et al., 2010) reports a significant 
difference from the baseline evaluation, but results between the two different treatments 
(chevrons and full-post chevrons) are quite similar. The same findings are provided for the 
vehicle lateral lane position. Similarly, the second relevant study (Gates et al., 2004) shows 
beneficial effects on speed both for FY chevrons and for FY signposts (in addition to FY 
chevrons). Conversely, the combination of FY chevrons and FY curve signs was found to have 
a small and inconsistent effect.  
The third study (Zhao et al., 2015) describes significant positive effects on speed reduction, 
further affected by curve direction, but not curve radius. Findings demonstrate that the 
presence of chevrons also encourages participants to drive with better lane positioning, which 
was more appropriate to negotiate the respective curves. Conversely, Rose and Carlson (2005) 
find that additional chevron signs on a curve provide small benefits in reducing speed during 
the day, and more noticeable benefits at night. They also find more pronounced benefits on 
sharp curves than on moderate curves. Little benefit is found in the percentages of vehicles 
exceeding the speed limit. 
When examining chevron signs, another popular outcome is crash frequency data. Montella 
(2010) found a significant crash reduction in total, night-time, daytime, rainy, non-rainy, run-
off-road, and property damage-only crashes. Similarly, Choi et al. (2015) report a positive 
effect on road safety in terms of crash reduction, but no statistical analyses were performed.  
With regard to various behavioural variables, the last study (Wu et al., 2013) presented 
findings for exposure to the presence of chevrons using a driving simulator. Results showed 
that drivers pay more attention to the roadside near chevrons (chevrons attracted more 
fixation points from the drivers, and the duration of fixation points was also longer with the 
presence of chevrons). Regarding the degree of deceleration, the brake and accelerator data 
show that applying the brake and releasing the accelerator are more frequent in the scenario 
with chevrons, namely the pedals were used more repeatedly. This finding indicates that 
chevron signs do provide advance warning and positive guidance and make drivers tend to 
reduce their speed more through curves, improving road safety.  
An overview of the main features of the coded studies (sample, method, outcome and 
results) is presented in Table 1. 
Number 
Author(s); 
Year; 
Country; 
Sampling frame for  
chevron signs investigation 
Method for chevron signs 
investigation 
Outcome indicator Main Result 
1 
Choi Y.Y., 
Kho S.Y., Lee 
C., Kim D.K.; 
2015; South 
Korea 
To create the dataset, data for the 
crash count, crash location and AADT 
were collected from the database of 
the Korea Expressway Corporation. 
The analyses were performed on 
three freeways; the number of sites 
considered were 100, with a total 
length of 27.6 Km. 
Before-after Empirical 
Bayes method 
Crash Frequency 
[absolute 
difference]; 
CMF 
The developed CMF value for 
chevron signs was 0.721. This 
result showed that chevron signs 
had a positive effect on road 
safety because they caused a 
reduction in the number of 
crashes. 
2 
Gates T.J., 
Carlson P.J., 
Hawkins 
H.G. Jr.; 
2004; USA 
14 sites were used for field 
evaluations of various enhanced 
conspicuity sign applications. This 
included 4 curves on rural two-lane 
roadways, 2 curves on freeway exit 
ramps, 4 urban/suburban stop-
controlled intersections, 3 rural stop-
controlled intersections, and one rural 
speed zone. 
Absolute difference 
comparison between 
before and after the 
installation 
[with ANOVA ] 
Mean Speed ~500 
ft. Upstream of PC 
[absolute 
difference] 
FY chevrons produced beneficial 
effects on speeds at most of the 
installations, while the 
combination of FY chevrons and 
FY curve signs were found to 
have small and inconsistent 
effects. Reflectorization of the 
chevron signposts with FY 
sheeting (in addition to FY 
chevrons) had mostly beneficial 
effects on speeds, especially 
during twilight and night time 
periods 
3 
Montella A.; 
2009; Italy 
A divided motorway (A16) with two 
lanes for each direction, access 
control, and interchanges. The 
treatment sites are in the section 
Naples–Candela, with a length of 
127.5 km. 383 crashes in 15 curves 
were considered. 
Generalized linear model 
with negative binomial 
distribution error 
structure  
Crash Reduction 
[percent accident 
reduction] 
Treatments lead to statistically 
significant crash reductions in in 
total, night time, daytime, rainy, 
non-rainy, run-off-road, and 
property damage-only crashes. 
Effectiveness is greater for 
curves with radius less than or 
equal to 300 m and for curves 
with deflection angle greater 
than 60 gon. (54 degrees). 
4 
Ré 
J.M.,Hawkins 
H.G. 
Jr.,Chrysler 
S.T.; 2010; 
USA 
Two separate horizontal curves, on a 
rural two-lane road, were considered. 
Vehicle speed and lateral position 
data were measured using a traffic 
classifier and three roadway sensors. 
Data collection equipment was placed 
at PC and MP curve locations. 
Absolute difference 
comparison between 
exposed and non-exposed 
sites 
[With MANOVA & the 
Tukey's HSD test] 
Mean speed 
[absolute 
difference];  
Mean lateral 
position [absolute 
difference] 
Both chevron treatments 
consistently achieved 
significantly different results 
from the baseline evaluation, but 
results between chevrons and 
full-post chevrons were quite 
similar. Researchers concluded 
that full-post chevrons did not 
achieve substantial benefits over 
chevrons. 
5 
Rose E.R., 
Carlson P.J.; 
2005; USA 
Three curves, located in rural areas, 
were chosen for this study: one 
gentle, one moderate and one sharp 
curve. Researchers obtained speed 
data for at least 24 hours at four 
locations on each curve using 
automated counters connected to 
pneumatic tubes.  
Absolute difference 
comparison between 
before and after the 
installation 
[with ANOVA and z-test] 
Mean Speed 
[absolute 
difference];  
Exceeding speed 
limit vehicles 
[absolute 
difference] 
Having additional chevrons in 
view on a curve does provide the 
benefit of a small reduction in 
mean speeds. A stronger effect 
was observed at the PC for night 
data and on sharp curves more 
than on moderate curves. Little 
benefit was found in the 
percentages of vehicles 
exceeding the speed limit. 
Number 
Author(s); 
Year; 
Country; 
Sampling frame for  
chevron signs investigation 
Method for chevron signs 
investigation 
Outcome indicator Main Result 
6 
Wu Y., Zhao 
X., Rong J., 
Ma J.; 2013; 
China 
Simulation tests were performed on 
an interchange of the Fourth Ring 
Road, in different daytime scenarios. 
The ramp, with a radius of 85 m, is 
about 340 m long, and has just one 
lane. 20 healthy young men, aged 21-
31, participated at the experiment. 
Absolute difference 
comparison between 
exposed and non-exposed 
sites 
[t-test] 
Fixed Points 
[absolute 
difference];  
Fixed Duration 
[absolute 
difference]; 
Overall mean of 
MADOSV 
[absolute 
difference]; 
Degree of 
deceleration 
[absolute 
difference] 
Drivers pay more attention to 
the roadside near chevrons 
(chevrons attracted more 
fixation points from the drivers 
and the duration of fixation 
points were also longer with the 
presence of chevrons). They are 
also more relaxed and tend to 
drop their speed more when 
chevrons are present. 
7 
Zhao X., Wu 
Y., Rong J., 
Ma J.; 2015; 
China 
The driving simulator experiment was 
performed using the fixed-base 
driving simulator in the Key Lab of 
Traffic Engineering, Beijing University 
of Technology. Horizontal curves with 
different roadway geometries, on 
two-lane rural undivided highway, 
were considered. 30 healthy male 
drivers, age range of 20-34 years, 
participated at the experiment. 
Absolute difference 
comparison between 
exposed and non-exposed 
sites 
[ANOVA with repeated 
measures] 
Average Speed 
[Absolute 
difference]; 
Average Lane 
Position [Absolute 
difference] 
A significant interaction between 
Chevrons presence and curve 
direction was found for the 
average speed. Chevrons 
presence also encourage 
participants to drive in a more 
proper lane position, but in sharp 
curves this function was 
diminished.  
Table 1: Description of coded studies 
2.3 Limitations 
There are a few limitations in the current literature examining the effects of chevron signs on 
road safety. Firstly, four studies use speed as a measure of effectiveness. This is a secondary 
parameter that does not directly provide a clear image regarding the number of crashes. 
Similarly, the only study examining crash reduction (Montella A., 2009) has a fairly limited 
crash sample (n=35) with only a few crashes happening in areas where chevron signs were 
explicitly installed.  
As a further limitation, there are no studies concerning less motorized countries, such as 
South America or Africa. The impact of installing chevron signs in these environments should 
be captured from similar studies for a more collective approach.  
2.4 Results for chevron signs   
2.4.1 Introduction 
The effects of the presence of chevrons on road safety can be summarized as follows: 
• 1 study with a significant decrease in crash frequency (due to different measures, 
 such as chevron signs, curve warning signs and sequential flashing beacons); 
• 4 studies with a significant reduction in mean speed (due to chevron signs, full-post 
 chevrons, FY chevrons, FY chevron posts);  
• 2 studies with a significant positive effect in lateral lane position; 
• 1 study with a little benefit in percentages of vehicles exceeding the speed limit; 
• 1 study with a positive effect on drivers’ attention to the roadside near chevrons 
 (increase of fixed points, fixed duration and degree of deceleration), but without 
 any statistical analyses; 
• 1 study with a positive effect on the number of crashes, but without any statistical 
 analyses. 
The complete detailed results from the coded studies appear in Table 2, presented in the 
supporting document.  
After collectively reviewing the results, in possible consideration of a meta-analysis, the 
following points were observed: 
a) There is an adequate number of studies. However: 
b) These studies have used different models for analysis. 
c) There are different indicators, and even when they coincide they are not measured in the 
same way. 
d) The sampling frames were different.  
 
2.5 Description of analysis carried out 
2.5.1 Vote-count analysis  
After considering the previous points, it was decided that a meta-analysis could not be carried 
out in order to find the overall impact of chevrons on road safety. Therefore, the vote count 
analysis was conducted. In vote count analyses, each study is considered to have one vote for 
or against the countermeasure. The results are summarized in Table 3. 
Outcome definition 
Tested in number 
of studies 
Result (number of studies) 
↑ - ↓ 
Crash Reduction 2 - - 1 
Mean Speed 4 - - 4 
Mean Lateral position 2 - - 2 
Exceeding speed limit vehicles 1 - 1 - 
Behavioural Safety Indicators [Simulation] 1 - - - 
Total Studies = 7 
Table 3: Vote count analysis results for chevron signs 
2.5.2 Overall estimate for road safety 
On the basis of the coded studies, it can be asserted that the installation of chevron signs has 
a positive overall effect on road safety, with one single inconclusive result regarding the 
number of vehicles exceeding the speed limit. Results are mostly consistent and show a 
decrease in number of crashes and in mean speed, as well as beneficial effects on lateral lane 
position. This leads to the assessment of the green colour code for chevron signs. The 
variation between indicators, models, framing and general details between studies are 
factors that made the circumstances for conducting a meta-analysis inappropriate.   
2.6 Conclusion 
The vote-count analysis carried out shows that chevron signs are usually associated with a 
reduction in crash frequency and mean speed. In addition, the presence of chevrons 
encourages drivers to maintain a lane position that enables them to better negotiate curves. 
Beneficial effects are also observed on behavioural safety indicators, such as drivers’ eye 
movement (fixed points and fixed duration) and driving performance (degree of deceleration). 
No significant correlation was found between chevron presence and number of vehicles 
exceeding the speed limit.  
3 SUPPORTING DOCUMENT 
3.1 Supporting quantitative table 
Table 2 is shown below, which includes all quantitative effects from the coded studies for the 
measures of chevron sign installation.  
Number 
Author(s); 
Year; 
Country; 
Outcome 
indicator 
Exposure Quantitative Estimate 
Effect on 
road safety 
1 
Choi Y.Y., 
Kho S.Y., 
Lee C., Kim 
D.K.; 2015; 
South Korea 
Crash 
Frequency 
[absolute 
difference] 
Chevron signs 
All freeways Abs. Dif.: CF= 13 ↓* 
Freeway 1 Abs. Dif.: CF= 10 ↓* 
Freeway 2 Abs. Dif.: CF= 7 ↓* 
Freeway 3 Abs. Dif.: CF= -4 ↑* 
CMF Chevron signs 
All freeways CMF=0.721; SE=0.308 ↓* 
Freeway 1 CMF=0.343; SE=0.208 ↓* 
Freeway 2 CMF=0.668; SE=0.176 ↓* 
Freeway 3 CMF=1.297; SE=0.424 ↑* 
2 
Gates T.J., 
Carlson P.J., 
Hawkins 
H.G. Jr.; 
2004; USA 
Mean Speed 
~500 ft. 
Upstream of 
PC 
[absolute 
difference] 
FY chevrons 
site 1 
Daytime Abs. Dif.: MS=0 mph, a=0.05 - 
Twilight Abs. Dif.: MS=0.5 mph, a=0.05 - 
Night-time Abs. Dif.: MS=-0.5 mph, a=0.05 - 
site 2 
Daytime Abs. Dif.: MS=-0.6 mph, a=0.05 ↓ 
Twilight Abs. Dif.: MS=-1.3 mph, a=0.05 - 
Night-time Abs. Dif.: MS=-1.1 mph, a=0.05 ↓ 
Simultaneous 
installation of FY 
chevrons and FY 
curve signs 
site 3 
Daytime Abs. Dif.: MS=0.1 mph, a=0.05 - 
Twilight Abs. Dif.: MS=-0.9 mph, a=0.05 ↓ 
Night-time Abs. Dif.: MS=-0.2 mph, a=0.05 - 
site 4 
Daytime Abs. Dif.: MS=1.3 mph, a=0.05 ↑ 
Twilight Abs. Dif.: MS=2.1 mph, a=0.05 ↑ 
Night-time Abs. Dif.: MS=0.2 mph, a=0.05 ↑ 
FY chevrons and FY 
chevron posts 
site 5 
Daytime Abs. Dif.: MS=0.5 mph, a=0.05 - 
Twilight Abs. Dif.: MS=-1.7 mph, a=0.05 - 
Night-time Abs. Dif.: MS=-1.6 mph, a=0.05 ↓ 
3 
Montella A.; 
2009; Italy 
Crash 
Reduction  
[Percent 
Accident 
Change] 
Aggregate effect of 
curve warning 
signs, chevron 
signs, and 
sequential flashing 
beacons 
Total 
crashes 
R ≤ 300 m PAC=52.2, CI [95%] = [36.7; 67.6] ↓ 
R > 300 m PAC=25.4, CI [95%] = [4.1; 46.6] ↓ 
defl.ang. ≤ 60 gon PAC=24.3, CI [95%] = [1.7; 46.6] ↓ 
defl.ang. > 60 gon PAC=51, CI [95%] = [35.9; 66.1] ↓ 
Night-
time 
crashes 
R ≤ 300 m PAC=79, CI [95%] = [62.3; 95.7] ↓ 
R > 300 m 
PAC=−2.3, CI [95%] = [−50.2; 
45.6] - 
defl.ang. ≤ 60 gon 
PAC=−8.6, CI [95%] = [−62.5; 
45.4] - 
defl.ang. > 60 gon PAC=73.5, CI [95%] = [55.4; 91.6] ↓ 
Daytime 
crashes 
R ≤ 300 m PAC=42.5, CI [95%] = [21.8; 63.1] ↓ 
R > 300 m 
 PAC=36.5, CI [95%] = [14.1; 
58.8] ↓ 
defl.ang. ≤ 60 gon PAC=36.2, CI [95%] = [13; 59.5] ↓ 
Number 
Author(s); 
Year; 
Country; 
Outcome 
indicator 
Exposure Quantitative Estimate 
Effect on 
road safety 
defl.ang. > 60 gon PAC=42.3, CI [95%] = [22.3; 62.4] ↓ 
Rainy 
crashes 
R ≤ 300 m PAC=46.5, CI [95%] = [22; 71] ↓ 
R > 300 m PAC=48.9, CI [95%] = [25.2; 72.5] ↓ 
defl.ang. ≤ 60 gon PAC=45.5, CI [95%] = [20; 71] ↓ 
defl.ang. > 60 gon 
PAC=49.4, CI [95%] = [26.6; 
72.3] ↓ 
Non-rainy 
crashes 
R ≤ 300 m PAC=58, CI [95%] = [39.1; 76.8] ↓ 
R > 300 m PAC=2.4, CI [95%] = [−32.0; 36.9] - 
defl.ang. ≤ 60 gon PAC=2.4, CI [95%] = [−34.1; 39] - 
defl.ang. > 60 gon PAC=53.1, CI [95%] = [33.8; 72.4] ↓ 
ROR 
crashes 
R ≤ 300 m PAC=55.5, CI [95%] = [39; 72] ↓ 
R > 300 m PAC=27.2, CI [95%] = [4.9; 46.9] ↓ 
defl.ang. ≤ 60 gon 
PAC=23.6, CI [95%] = [−1.0; 
48.1] - 
defl.ang. > 60 gon PAC=55.7, CI [95%] = [40.2; 71.3] ↓ 
Non-ROR 
crashes 
R ≤ 300 m PAC=38.4, CI [95%] = [0; 76.9] ↓ 
R > 300 m 
PAC=13.3, CI [95%] = [−46.6; 
73.2] - 
defl.ang. ≤ 60 gon 
PAC=32.3, CI [95%] = [−18.8; 
83.3] - 
defl.ang. > 60 gon PAC=28, CI [95%] = [−14.8; 70.9] - 
Injury 
crashes 
R ≤ 300 m PAC=39.2, CI [95%] = [12.4; 66] ↓ 
R > 300 m 
PAC=−26.6, CI [95%] = [−87.4; 
34.3] - 
defl.ang. ≤ 60 gon 
PAC=−52.6, CI [95%] = [−128.8; 
23.6] - 
defl.ang. > 60 gon 
PAC=43.2, CI [95%] = [18.6; 
67.8] ↓ 
PDO 
crashes 
R ≤ 300 m 
PAC=61.9, CI [95%] = [44.5; 
79.4] ↓ 
R > 300 m PAC=38.8, CI [95%] = [17.5; 60] ↓ 
defl.ang. ≤ 60 gon PAC=41.8, CI [95%] = [20.6; 63] ↓ 
defl.ang. > 60 gon PAC=57, CI [95%] = [38.8; 75.3] ↓ 
Chevron signs only 
Total crashes 
 PAC=2.6, CI [95%] = [−48.3; 
53.6] - 
Night-time crashes 
 PAC=−92.0, CI [95%] = [−242.2; 
58.2] - 
Daytime crashes  PAC=37, CI [95%] = [−5.4;79.4] - 
Rainy crashes  PAC=59.4, CI [95%] = [16; 100] ↓ 
Non-rainy crashes 
 PAC=−27.1, CI [95%] = [−100.1; 
45.9] - 
ROR crashes  PAC=10, CI [95%] = [−41.8; 61.9] - 
Non-ROR crashes 
 PAC=−29.1, CI [95%] = [−154.3; 
96.1] - 
Injury crashes 
 PAC=−46.3, CI [95%] = [−171.5; 
78.8] - 
PDO crashes 
 PAC=16.6, CI [95%] = [−35.0; 
68.2] - 
Simultaneous 
installation of 
Total crashes 
 PAC=40.8, CI [95%] = [20.8; 
60.8] ↓ 
Number 
Author(s); 
Year; 
Country; 
Outcome 
indicator 
Exposure Quantitative Estimate 
Effect on 
road safety 
chevron signs and 
curve warning signs 
Night-time crashes  PAC=34, CI [95%] = [−3.7; 71.7] - 
Daytime crashes 
 PAC=44.4, CI [95%] = [21.7; 
67.1] ↓ 
Rainy crashes 
 PAC=51.1, CI [95%] = [26.6; 
75.5] ↓ 
Non rainy crashes 
 PAC=30.6, CI [95%] = [−0.2; 
61.4] - 
ROR crashes 
 PAC=43.6, CI [95%] = [23.1; 
64.1] ↓ 
Non-ROR crashes 
 PAC=23.6, CI [95%] = [−37.3; 
84.5] - 
Injury crashes 
 PAC=−46.3, CI [95%] = [−171.5; 
78.8] - 
PDO crashes 
 PAC=53.6, CI [95%] = [34.7; 
72.4] ↓ 
Simultaneous 
installation of 
chevron signs, 
curve warning signs 
and sequential 
flashing beacons 
Total crashes 
 PAC=47.6, CI [95%] = [30.6; 
64.6] ↓ 
Night-time crashes 
 PAC=76.9, CI [95%] = [58.5; 
95.3] ↓ 
Daytime crashes 
 PAC=37.3, CI [95%] = [14.8; 
59.9] ↓ 
Rainy crashes 
 PAC=43.6, CI [95%] = [17.6; 
69.5] ↓ 
Non-rainy crashes 
 PAC=52.3, CI [95%] = [30.9; 
73.6] ↓ 
ROR crashes 
 PAC=48.2, CI [95%] = [29.2; 
67.2] ↓ 
Non-ROR crashes 
 PAC=46.7, CI [95%] = [10.2; 
83.3] ↓ 
Injury crashes  PAC=38.2, CI [95%] = [11.5; 65] ↓ 
PDO crashes 
 PAC=56.2, CI [95%] = [35.6; 
76.8] ↓ 
4 
Ré 
J.M.,Hawkin
s H.G. 
Jr.,Chrysler 
S.T.; 2010; 
USA 
Mean Speed 
[absolute 
difference] 
Chevron signs  
site 1 Abs. Dif.: MS= 1.51 mph ↓ 
site 2 Abs. Dif.: MS= 1.55 mph ↓ 
Overall Abs. Dif.: MS= 1.28 mph ↓ 
Full-post chevrons 
site 1 Abs. Dif.: MS= 1.96 mph ↓ 
site 2 Abs. Dif.: MS= 2.65 mph ↓ 
Overall Abs. Dif.: MS= 2.20 mph ↓ 
Mean Lateral 
position 
[absolute 
difference] 
Chevron signs  
site 1 Abs. Dif.: MLP= -14.47 in ↓ 
site 2 Abs. Dif.: MLP= -16.08 in ↓ 
Overall Abs. Dif.: MLP= -15.47 in ↓ 
Full-post chevrons 
site 1 Abs. Dif.: MLP= -13.76 in ↓ 
site 2 Abs. Dif.: MLP= -16.33 in ↓ 
Overall Abs. Dif.: MLP= -15.14 in ↓ 
5 
Rose E.R., 
Carlson P.J.; 
2005; USA 
Mean Speed 
[absolute 
difference] 
Additional chevron 
signs 
Curve 1 
AC-Approach 
of Curve 
Daytime Abs. Dif.: MS= 1.6 mph, a=0.05 - 
Night-time Abs. Dif.: MS= 3.8 mph, a=0.05 - 
PC-Point of 
Curve 
Daytime Abs. Dif.: MS= 2.5 mph, a=0.05 ↓ 
Night-time Abs. Dif.: MS= 5.3 mph, a=0.05 ↓ 
MC-Middle of 
Curve 
Daytime Abs. Dif.: MS= 2.1 mph, a=0.05 ↓ 
Night-time Abs. Dif.: MS= 6.4 mph, a=0.05 ↓ 
Number 
Author(s); 
Year; 
Country; 
Outcome 
indicator 
Exposure Quantitative Estimate 
Effect on 
road safety 
Curve 2 
AC-Approach 
of Curve 
Daytime Abs. Dif.: MS= 0 mph, a=0.05 ↓ 
Night-time Abs. Dif.: MS= 1.2 mph, a=0.05 ↓ 
PC-Point of 
Curve 
Daytime Abs. Dif.: MS= 0.7 mph, a=0.05 ↓ 
Night-time Abs. Dif.: MS= 2.6 mph, a=0.05 ↓ 
MC-Middle of 
Curve 
Daytime Abs. Dif.: MS= -0.5 mph, a=0.05 - 
Night-time Abs. Dif.: MS= 0.8 mph, a=0.05 - 
Curve 3 
AC-Approach 
of Curve 
Daytime Abs. Dif.: MS= 0.3 mph, a=0.05 ↓ 
Night-time Abs. Dif.: MS= 1.6 mph, a=0.05 ↓ 
PC-Point of 
Curve 
Daytime Abs. Dif.: MS= 2.7 mph, a=0.05 ↓ 
Night-time Abs. Dif.: MS= 3.8 mph, a=0.05 ↓ 
MC-Middle of 
Curve 
Daytime Abs. Dif.: MS= 0.7 mph, a=0.05 ↓ 
Night-time Abs. Dif.: MS= 1.4 mph, a=0.05 ↓ 
Exceeding 
speed limit 
vehicles 
[absolute 
difference] 
Additional chevron 
signs 
Curve 1 
AC-Approach 
of Curve 
Daytime Abs. Dif.: ESL= 6 mph, a=0.05 ↓ 
Night-time Abs. Dif.: ESL= 3.8 mph, a=0.05 - 
PC-Point of 
Curve 
Daytime Abs. Dif.: ESL= 3.7 mph, a=0.05 ↓ 
Night-time Abs. Dif.: ESL= 4.4 mph, a=0.05 ↓ 
MC-Middle of 
Curve 
Daytime Abs. Dif.: ESL= 2.9 mph, a=0.05 ↓ 
Night-time Abs. Dif.: ESL= 5.8 mph, a=0.05 ↓ 
Curve 2 
AC-Approach 
of Curve 
Daytime Abs. Dif.: ESL= 2.8 mph, a=0.05 - 
Night-time Abs. Dif.: ESL= 4.5 mph, a=0.05 - 
PC-Point of 
Curve 
Daytime Abs. Dif.: ESL= 0.6 mph, a=0.05 - 
Night-time Abs. Dif.: ESL= 0 mph, a=0.05 - 
MC-Middle of 
Curve 
Daytime Abs. Dif.: ESL= 0 mph, a=0.05 - 
Night-time Abs. Dif.: ESL= 0 mph, a=0.05 - 
Curve 3 
AC-Approach 
of Curve 
Daytime Abs. Dif.: ESL= 0.1 mph, a=0.05 - 
Night-time Abs. Dif.: ESL= 1.8 mph, a=0.05 - 
PC-Point of 
Curve 
Daytime Abs. Dif.: ESL= 0 mph, a=0.05 - 
Night-time Abs. Dif.: ESL= 0 mph, a=0.05 - 
MC-Middle of 
Curve 
Daytime Abs. Dif.: ESL= 0 mph, a=0.05 - 
Night-time Abs. Dif.: ESL= 0 mph, a=0.05 - 
6 
Wu Y., Zhao 
X., Rong J., 
Ma J.; 2013; 
China 
Fixed Points 
[absolute 
difference] 
Chevron signs Abs.Dif.: FP= 12.3% ↓* 
Fixed 
Duration 
[absolute 
difference] 
Chevron signs  Abs.Dif.: FD= 6.2% ↓* 
Overall mean 
of MADOSV 
[absolute 
difference] 
Chevron signs Abs.Dif.: OM= 0.01; SDs=0.03; p= 0.12 - 
Degree of 
deceleration  
[absolute 
difference] 
Chevron signs 
Releasing the accelerator Abs.Dif.: DD= 5.1 ↓* 
Braking Abs.Dif.: DD= 2.7 ↓* 
Number 
Author(s); 
Year; 
Country; 
Outcome 
indicator 
Exposure Quantitative Estimate 
Effect on 
road safety 
7 
Zhao X., Wu 
Y., Rong J., 
Ma J.; 2015; 
China 
Average 
Speed 
[Absolute 
difference] 
Chevron signs 
From PC 
to PT 
Left curve 
Abs.Dif.: AS= 4.97 km/h, F(1,29) 
= 6.644, p=0.011 ↓ 
Right curve 
Abs.Dif.: AS= 1.11 km/h, F(1,29) 
= 6.644, p=0.012 - 
AC-Approach of Curve [300 m before the 
curve entrance] 
Abs.Dif.: AS= 1.86 km/h, F(1,29) 
= 6.000, p=0.015 ↓ 
PC-Point of Curve 
Abs.Dif.: AS= 1.34 km/h, F(1,29) 
= 1.969, p=0.162 - 
MC-Middle of Curve 
Abs.Dif.: AS= 4.12 km/h, F(1,29) 
= 22.769, p<0.001 ↓ 
PT-Point of Tangent 
Abs.Dif.: AS= 2.74 km/h, F(1,29) 
= 16.342, p<0.001 ↓ 
Average Lane 
Position 
[Absolute 
difference] 
Chevron signs 
From PC 
to PT 
Left curve 
Abs.Dif.: ALP=-0.16 m, F(1,29) = 
77.221, p<0.001 ↓ 
Right curve 
Abs.Dif.: ALP=0.38 m, F(1,29) = 
77.221, p<0.001 ↓ 
From AC to PC 
Abs.Dif.: ALP=0.01 m, F(1,29) = 
0.028, p=0.867 - 
From PC to MC 
Abs.Dif.: ALP=0.1 m, F(1,29) = 
4.93, p=0.028 ↓ 
From MC to PT 
Abs.Dif.: ALP=0.11 m, F(1,29) = 
0.593, p=0.442 - 
 
↑ denotes positive road safety effects - denotes unclear or marginal road safety effects 
↓ denotes negative road safety effects * denotes that no statistical analysis was conducted for the significance of the effects  
 
Table 2: Quantitative results of coded studies for chevrons and impacts on road safety 
 
 
  
3.2 Methodology 
Measure: Chevron signs 
 
3.2.1 Literature search strategy 
The search strategy aimed at identifying recent studies regarding the installation of chevron 
signs at curves. Three main databases were consulted: Scholar, TRID and Science Direct. In 
general, only recent (after 1990) journal studies were considered.  
Limitations/ Exclusions: 
• Search field: TITLE-ABS-KEY 
• Published: 1990 to current 
• Document Type: “Review” and “Article” 
• Language: “English” 
• Source Type: “Journal“ 
• Only Transport Journals were considered 
• Subject Area: “Engineering” 
 
Database: TRID   Date: 6th January 2017 
search no. search terms / operators / combined queries Hits 
#1 Chevron signs 54 
#2 Chevron signs at curves 29 
#3 Installation of chevron signs at curves 4 
 
Database: Google Scholar   Date: 6th January 2017 
search no. search terms / operators / combined queries Hits 
#1 “chevron signs” 213 
#2 installation "chevron signs" 158 
#3 installation "chevron signs"  at curve 132 
 
Database: ScienceDirect   Date: 6th January 2017 
search 
no. 
search terms / operators / combined queries Hits 
#1 “chevron signs”  21 
#2 “chevron signs” and “curves” 8 
3.3 Results of Literature research 
Database Hits 
Google Scholar 213 
TRID 54 
ScienceDirect 21 
Total number of studies to screen title 288 
3.4 Screening 
The abstracts of relevant studies from the initial literature search results were examined to 
narrow the scope and to detect studies that would be more appropriate at a first stage. Those 
abstracts give hints as to whether the full text warrants close examination for coding and 
inclusion in the project. 
Total number of studies to screen title                                                                                                                                            288 
Number of articles remaining after screening of the title = Total number of studies to screen abstract 182 
Remaining studies after abstract screening  34 
Total number of studies to screen full text 34 
 
3.5 Eligibility 
Total number of studies to screen full-text 34 
Full-text could be obtained 25 
Reference list examined Y/N Yes  
Eligible papers prioritized  7 
 
3.6 Prioritizing coding  
- Prioritizing Step A (most recent studies) 
- Prioritizing Step B (Journals over conferences and reports) 
- Prioritizing Step C (Prestigious journals over other journals and conference papers) 
- Prioritizing Step D (Studies from Europe) 
No meta-analyses were found.  
 
3.7 List of coded studies 
1. CHOI Y.Y., KHO S.Y., LEE C., KIM D.K., 2015; Development of crash modification 
factors of alignment elements and safety countermeasures for Korean freeways. 
Transportation Research Board 94th Annual Meeting. 
2. GATES T.J., CARLSON P.J., HAWKINS H.G. Jr., 2004; Field Evaluations of Warning 
and Regulatory Signs with Enhanced Conspicuity Properties. Transportation Research 
Record: Journal of the Transportation Research Board, n.1862, pp. 64–76. 
3. MONTELLA A. 2009; Safety Evaluation of Curve Delineation Improvements 
Empirical Bayes Observational Before-and-After Study. Transportation Research Record: 
Journal of the Transportation Research Board, n.2103, pp. 69–79. 
4. RÉ J.M., HAWKINS H.G. Jr., CHRYSLER S.T., 2010; Assessing Benefits of Chevrons 
with Full Retroreflective Signposts on Rural Horizontal Curves. Transportation Research 
Record: Journal of the Transportation Research Board, n. 2149, pp. 30–36. 
5. ROSE E.R., CARLSON P.J., 2005; Spacing Chevrons on Horizontal Curves. 
Transportation Research Record: Journal of the Transportation Research Board, n. 1918, pp. 
84–91 
6. WU Y., ZHAO X., RONG J., MA J., 2013; Effects of Chevron Alignment Signs on 
Driver Eye Movements, Driving Performance, and Stress. Transportation Research Record: 
Journal of the Transportation Research Board, n. 2365, pp. 10–16. 
7. ZHAO X., WU Y., RONG J., MA J., 2015; The effect of chevron alignment signs on 
driver performance on horizontal curves with different roadway geometries. Accident 
Analysis and Prevention, volume 75, February 2015, pp.226–235.  
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1 SUMMARY 
1.1 Colour code: Light green 
On the basis of both study and effect numbers, the implementation of edgeline rumble strips appears 
to have a predominantly positive effect on road safety. However, there are cases when its impact is not 
statistically significant or conclusive. Furthermore, the coded studies encompass several topics and 
have good levels of quality, but the results are not always consistent. For these reasons, the overall 
impact of edgeline rumble strips on road safety is characterized as light green (probably effective). 
1.2 Keywords 
edgeline rumble strips; shoulder rumble strips; edgeline encroachment 
1.3 Abstract 
Edgeline rumble strips are used to alert inattentive drivers of potential danger by causing tactile 
vibration and audible rumbling, transmitted through the wheels into the vehicle interior.  
Five high quality studies regarding differing implementations of edgeline rumble strips were coded. 
Their presence and effectiveness impact road safety levels, causing a reduction in the number of total 
crashes and encroachments across the edgeline. In most cases the reductions are statistically 
significant. Additionally, their implementation leads to an improvement in vehicular lateral position. 
No significant effects were found for severe crashes and passing manoeuvre indicators. On the basis of 
both study and effect numbers, it has been demonstrated that rumble strips create a mostly positive 
impact on road safety. Results are transferable with caution.  
1.4 Background 
1.4.1 Definition of edgeline rumble strips 
Rumble strips are comprised of tactile materials laid along the length of traffic lanes (usually on 
highways) as a road safety measure. In addition to providing visual delineation, longitudinal rumble 
strips can also be heard and felt by drivers and riders. When a tire runs over the rumble strips a noise 
and vibration is produced. This alerts a sleepy or distracted driver when their vehicle starts to leave the 
road. Longitudinal rumble strips can be employed to reduce run-off road and head-on crashes, to 
improve visibility of the edgeline or centreline during wet weather, and to give advanced warning of 
hazards. This synopsis focuses on the effect of rumble strips when used along road edgelines (known 
as edgeline rumble strips). A separate synopsis is available for centreline rumble strips. 
1.4.2 How do edgeline rumble strips affect road safety? 
Results of the coded studies showed a reduction in total crashes and in encroachments onto or across 
the edgeline. Moreover, findings demonstrated that edgeline rumble strips encourage drivers to 
maintain correct lane positioning, increasing the number of vehicles in a centred position and 
decreasing the number travelling left or right of the centre. 
1.4.3 Which safety outcomes are affected by edgeline rumble strips? 
The reviewed studies focus on several outcomes. In some studies, the focus is to estimate the crash 
reduction, both for severe and total crashes, due to the presence of edgeline rumble strips. This is 
achieved by utilising an absolute difference before and after installation, between exposed and non-
exposed sites, or with the calculation of crash modification factors. Additionally, the safety 
effectiveness of edgeline rumble strips is also evaluated with behavioural indicators, such as lateral 
vehicle position, passing manoeuvres, and number of encroachments onto or across the edgeline. 
Finally, one study also concentrates on crash severity probability. 
1.4.4 How is the effect of edgeline rumble strips on road safety studied? 
The relevant international literature includes a variety of different approaches to studying the 
implementation effects of edgeline rumble strips. Often this measure is examined in conjunction with 
others (e.g. centreline rumble strips, widening of shoulder width) and its examination is adjusted to the 
models selected to capture the entire situation for the given case.  
The preferred approach to testing the effectiveness of edgeline rumble strips is a comparison before 
and after their implementation, or between exposed and non-exposed sites. 
1.5 Overview of results 
In many cases, edgeline rumble strips have been shown to increase the level of road safety. Most 
examined studies show reductions in total crashes and encroachment numbers across the edgeline, 
and the results are predominantly statistically significant. Significant positive effects were also found 
on vehicular lateral placement. Conversely, non-statistically significant results were seen for severe 
crash reduction and passing manoeuvres indicators. 
1.5.1 Transferability 
Coded studies are based on studies solely from the United States. Whilst this is a modest sample of 
developed countries (particularly considering US diversity) there is scope for representation of other 
areas of the globe, and a respective gap in knowledge, particularly for less motorized regions. The 
majority of the studies examine all motor vehicles without differentiating between types of road users, 
while one study focuses on passenger cars, trucks, buses, PTW and recreational vehicles. 
1.5.2 Notes on analysis methods 
The methods employed for capturing the impact of edgeline rumble strips on road safety vary 
considerably between studies. The variation is mainly in terms of the mathematical models utilised, but 
also in the outcomes evaluated as dependent variables. There is also scope for investigating different 
road user categories and/or other geographical regions. All of these factors make the findings for 
implementation of edgeline rumble strips transferable with caution. 
 
 
  
2 SCIENTIFIC OVERVIEW 
2.1 Analysis of study designs and methods 
After appropriate use of available search tools and databases, five (5) high quality studies were selected 
and coded, to evaluate the effectiveness of the implementation of edgeline rumble strips on road 
safety. Four studies (Park et al., 2014; Park et al., 2015; Torbic et al., 2010; Wu et al., 2014) investigate 
the changes in crash frequency, both for total and severe crashes. One study (Wu et al., 2014) also 
analyses the crash severity probability (the probability of a crash being a severe crash). Conversely, 
Gates et al. (2012) evaluates behavioural characteristics, such as the passing manoeuvres, the lateral 
lane placement, and the edgeline encroachments. 
To examine the relationship between the edgeline rumble strips exposure and outcome indicators, the 
studies employed multivariate parameter significance testing, univariate parameter testing with 
multivariate data input, or as a minimum, conducted a basic descriptive statistical analysis. In Wu et al. 
(2014) the crash frequency and severity models are constructed using the hybrid method. This method 
provides robust estimates as FE (Fixed Effects) models, and also incorporates the advantages of the ME 
(mixed Effects) models. 
2.2 Literature Review 
The first study examining crash frequency (Park et al., 2014) uses the KABCO scale (K-fatal, A-
incapacitating injury, B-non-incapacitating injury, C- possible injury, O-property damage only).  Results 
showed an improvement in road safety both for single treatments (edgeline rumble strips only) and 
combined treatments (edgeline rumble strips and widening of shoulder width). It was also found that 
the treatments were more safety effective (i.e. lower CMF) for the roadway segments with narrower 
original shoulder width in the ‘before’ period. It is worth noting that CMFs were calculated using two 
observational before–after approaches (Comparison Group and Empirical Bayes) and the most reliable 
method (i.e. the CMF with lower standard error) was chosen. Results were statistically significant in all 
cases except one. 
Similarly, the second study concerning crash frequency (Park et al., 2015) reports a reduction for both 
single and combined treatments. In particular, estimated crash modification factors show higher safety 
effects on total crashes than severe crashes. Moreover, the reduction for all types of crashes was lower 
than for single vehicle run-off road crashes, and the safety effects for the combination of multiple 
treatments were higher than for single treatments. Again, results were statistically significant in all 
cases except for the cases of KABCO single-vehicle crashes. 
Additionally, findings from Torbic et al. (2010) demonstrate a reduction in all single-vehicle run-off road 
crashes, in single-vehicle run-off road fatal and injury crashes on rural freeways, and on rural two-lane 
roads. No significant results in terms of crash reduction were found on urban freeways and rural 
multilane divided highways. For rural multilane highways, the result for all single-vehicle run-off road 
crashes was statistically significant, but counterintuitive. This appears to be an anomaly in the data for 
this roadway type and was not considered credible. 
The last study regarding crash frequency (Wu et al., 2014) shows that the presence of edgeline rumble 
strips does not affect the occurrence of severe crashes. Conversely, a statistically significant reduction 
of the total number of crashes by seven percent was found. 
With regard to various behavioural variables, the last study (Gates et al., 2012) reports a non-significant 
effect of edgeline rumble strips on the percentage of vehicles attempting a passing manoeuvre, and on 
the percentage of aborted passing attempts. In contrast, the presence of edgeline rumble strips 
encourages vehicles to maintain a more centralized lateral lane position. With regard to the 
encroachments, rumble strips greatly reduced the occurrence of drivers laterally shifting to the inside 
while manoeuvring through curves. 
An overview of the major features of the coded studies (sample, method, outcome and results) is 
illustrated in Table 1. 
Number 
Author(s); 
Year; 
Country; 
Sampling frame for  
rumble strips investigation 
Method for rumble 
strips investigation 
Outcome indicator Main Result 
1 
Gates T.J., 
Savolainen 
P.T., Datta 
T.K., Todd 
R.G., Russo 
B., Morena 
J.G.; 2012; 
USA 
Video recordings of driver behaviour 
were obtained at 18 passing zones 
and 12 curves along 10 roadway 
segments on rural two-lane 
roadways throughout Michigan. 
Nearly 78000 vehicles were observed 
during review of the passing zone 
videos, and more than 50000 
vehicles were observed during 
review of the curve videos. 
Absolute difference 
comparison 
between before 
and after the 
installation 
[Bonferroni 
corrected z-score] 
Vehicles in passing 
position  
[absolute difference]; 
Total Passing Attempts 
[absolute difference];  
Aborted Passing 
Attempts  
[absolute difference]; 
Left of centre  
[percent change]; 
Centred in lane  
[percent change]; 
Right of centre  
[percent change]; 
Encroaching onto or 
across edgeline  
[percent change] 
Treatment does not affect the 
percentage of vehicles 
attempting to pass and the 
aborted passing attempts. 
Moreover, vehicles tended to 
maintain a more centralized 
lateral lane position when 
rumble strips were present. 
Concerning the encroachments, 
rumble strips greatly reduced 
the occurrence of drivers 
laterally shifting to the inside 
while manoeuvring through 
curves. 
2 
Park J., 
Abdel-Arty 
M., Lee C.; 
2014; USA 
A total of 257 treated road 
segments, with a length of 180722 
miles, was used to evaluate the 
safety effects of two single 
treatments (edgeline rumble strips 
and widening shoulder width) and 
combined treatment (edgeline 
rumble strips + widening shoulder 
width) on rural multilane roadways 
in Florida.  
The most reliable 
method between 
the before-after 
Comparison Group 
and Empirical 
Bayes methods (i.e. 
the CMF with lower 
standard error) was 
chosen. 
CMF [Crash 
modification factor] 
The results show that the single 
treatments and the combined 
treatments produced safety 
improvement. It was found that 
safety effects were higher for 
the roadway segments with 
edgeline rumble strips and 
wider shoulder width and for 
the roadway segments with 
narrower original shoulder 
width in the before period.  
3 
Park J., 
Abdel-Aty 
M.; 2015; 
USA 
Data was collected for rural two-lane 
roadways in Florida; crash records 
were collected for 2 years (2004–
2005) for before period and 2 years 
(2010–2011) for after period. The 
total numbers of treated segments 
for SRS (Edgeline Rumble Strips) and 
SRS+WSW (Widening Shoulder 
Width) were 70 and 68, respectively. 
Before–after 
comparison using 
the empirical Bayes 
method 
CMF [Crash 
modification factor] 
Results indicate that SRS and 
SRS +WSW will reduce crash 
frequencies. In particular, the 
estimated CMFs show higher 
safety effects on KABCO 
crashes than KABC. In addition, 
the CMFs for SVROR (KABCO) 
crashes are lower than the CMFs 
for all (KABCO) crashes. The 
safety effects of combination of 
multiple treatments were 
higher than single treatments. 
4 
Torbic D.J., 
Hutton J.M., 
Bokenkroger 
C.D., Bauer 
K.M., 
Donnell E.T., 
Lyon C., 
Persaud B.; 
2010; USA 
Data were collected in urban and 
rural freeways, rural multilane 
divided highways and rural two-lane 
roads in Minnesota, Missouri, and 
Pennsylvania. The safety evaluation 
investigated the change in crash 
frequency for total (TOT) crashes, 
fatal and injury (FI) crashes, single 
vehicle run off road (SVROR) 
crashes, and SVROR FI crashes. 
Before–after 
comparison using 
the empirical Bayes 
method 
Crash frequency 
[percent change] 
Results of the before after 
comparison showed a reduction 
in SVROR crashes and in SVROR 
FI crashes on rural freeways and 
a reduction in SVROR crashes 
and in SVROR FI crashes on 
rural two-lane roads crashes.  
5 
Wu K.F., 
Donnell E.T., 
Aguero-
Valverde J.; 
2014; USA 
310 segments in Pennsylvania during 
2002–2009 were studied. Edgeline 
rumble strips were installed during 
2004 and 2006. There were 5629 
reported crashes in total, of which 
were categorized as fatal and major 
injury, moderate/minor injury, and 
property damage only crashes. 
A hybrid method, 
which incorporates 
the advantages of 
FE (fixed effects) 
models and ME 
(mixed effects) 
models, has been 
proposed. 
Crash severity 
probability [Slope]; 
Total number of crashes 
[Slope]; 
Severe crashes [slope] 
Findings of the hybrid models 
for both crash frequency and 
severity are: - no evidence that 
the presence of edgeline rumble 
strips affects severe crash 
outcomes; - estimated 
reduction of the total number of 
crashes by seven percent. 
 
Table 1 Description of coded studies 
2.2.1 Limitations 
There are a few limitations in the current literature examining the effects of the implementation of 
edgeline rumble strips. Firstly, all available studies originate in the United States, and consequently 
there is a lack of information for different environments such as less motorized countries, European 
and Asian countries, etc. Moreover, while the US is a developed country and advanced in road safety 
issues, this sample cannot be said to be representative of the impact of edgeline rumble strips 
worldwide. 
Additionally, in Gates et al. (2012) the effects of edgeline rumble strips on driver behaviour cannot be 
considered in isolation, since the treatment is implemented in conjunction with centreline rumble 
strips.  
2.3 Analysis methods and results for implementation of edgeline rumble strips 
2.3.1 Introduction 
The effects of the implementation of edgeline rumble strips on road safety can be summarized as 
follow: 
• 4 studies with a significant reduction in total crashes (both for single treatments, edgeline 
rumble strips only, and combined treatments, edgeline rumble strips and widening of shoulder 
width); 
• 2 studies with a reduction in fatal and injury crashes (both for single treatments, edgeline 
rumble strips only, and combined treatments, edgeline rumble strips and widening of shoulder 
width); 
• 2 studies with a non-statistically significant effect of edgeline rumble strips on road safety (both 
for single treatments, edgeline rumble strips only, and combined treatments, edgeline rumble 
strips and widening of shoulder width); 
• 1 study with a non-statistically significant effect on crash severity probability; 
• 1 study with positive effects on lateral position indicators, such as a decrease in the percentage 
of vehicles travelling left or right of the centre, and an increase in the percentage of vehicles 
travelling in a centred position; 
• 1 study with a positive effect on encroachments onto or across the edgeline; 
• 1 study with a non-significant effect on passing manoeuvres indicators, such as vehicles in 
passing position, total passing attempts and aborted passing attempts. 
The quantitative results of the coded studies and their general effects on road safety are presented in 
Table 3, included in the supporting document. 
After collectively reviewing the results, in possible consideration of a meta-analysis, the following 
points were observed: 
a) There is an adequate number of studies. However, 
b) The studies use different models for analysis. 
c) There are different indicators, and even when they coincide they are not measured in the same way. 
d) The sampling frames were different.  
 
 
 
 
2.4 Description of analysis carried out 
After considering the previous points it was decided that a meta-analysis was not appropriate for 
finding the overall impact of edgeline rumble strips on road safety. Therefore, the vote count analysis 
was conducted. In vote count analyses, each study is considered to have one vote for or against the 
countermeasure. The results are summarized in Table 2. 
Outcome definition 
Tested in 
number of 
studies 
Result (number of studies) 
↑ - ↓ 
Total Crashes 4 - - 4 
Severe crashes 4 - 2 2 
Crash severity probability 1 - 1 - 
Lateral position Indicators 1 - - 1 
Encroaching onto or across 
edgeline 
1 - - 1 
Passing manoeuvre indicators 1 - 1 - 
Total Studies = 5 
 
Table 2 Vote count analysis for edgeline rumble strips 
2.4.1 Overall estimate for road safety 
On the basis of the coded studies, it can be asserted that the implementation of edgeline rumble strips 
has a mostly positive effect on road safety. However, inconclusive and non-statistically significant 
results were present for severe crashes and passing manoeuvre indicators. Whilst the results are not 
completely consistent, the majority show a decrease in the number of crashes and beneficial effects on 
lateral lane position. These factors lead to the assignment of the light green colour code for edgeline 
rumble strips. The variation between indicators, models, framing and general details between studies 
made the circumstances for conducting a meta-analysis inappropriate.   
2.5 Conclusion 
The vote count analysis carried out showed that edgeline rumble strips are usually associated with a 
reduction in total crashes. In addition, the presence of edgeline rumble strips, together with centreline 
rumble strips, encourages drivers to maintain correct lane position. Inconsistent results were found for 
severe crashes, while no significant correlation was found between edgeline rumble strips presence and 
passing manoeuvre indicators.  
  
3 SUPPORTING DOCUMENT 
3.1 Supporting quantitative table 
Table 3 is shown below, and includes the quantitative effects from the coded studies for the measure 
of edgeline rumble strips implementation. For two of the studies (Gates et al., 2012; Torbic et al., 2014) 
only a proportionate sample of representative results is presented. 
Number 
Author(s); 
Year; 
Country; 
Outcome 
indicator 
Exposure Quantitative Estimate 
Effect on 
road 
safety 
1 
Gates T.J., 
Savolainen 
P.T., Datta 
T.K., Todd 
R.G., Russo 
B., Morena 
J.G.; 2012; 
USA 
Vehicles in 
passing 
position 
[absolute 
difference] 
Implementation 
of edgeline 
rumble strips 
All types of vehicles Abs. Diff.: vpp=0.41%, a=0.05 - 
Total 
Passing 
Attempts 
[absolute 
difference] 
All types of vehicles Abs. Diff.: tpa=1.59%, a=0.05 - 
Aborted 
Passing 
Attempts 
[absolute 
difference] 
All types of vehicles Abs. Diff.: apa=9.09%, a=0.05 - 
Left of 
centre 
[percent 
change] 
All types of 
vehicles 
tangents Per.ch.: lc= -70.7%; a=0.05 ↓ 
Left curves Per.ch.: lc= -77.4%; a=0.05 ↓ 
Right curves Per.ch.: lc= -91.6%; a=0.05 ↓ 
Centred in 
lane [percent 
change] 
All types of 
vehicles 
tangents Per.ch.: cl= 96.8%; a=0.05 ↓ 
Left curves Per.ch.: lc= 114.9%; a=0.05 ↓ 
Right curves Per.ch.: lc= 94.8%; a=0.05 ↓ 
Right of 
centre 
[percent 
change] 
All types of 
vehicles 
tangents Per.ch.: arc= -32.9%; a=0.05 ↓ 
Left curves Per.ch.: rc= -50.4%; a=0.05 ↓ 
Right curves Per.ch.: rc= -30.0%; a=0.05 ↓ 
Encroaching 
onto or 
across 
edgeline 
[percent 
change] 
All types of 
vehicles 
tangents Per.ch.: e= -37.1%; a=0.05 ↓ 
Left curves Per.ch.: e= -65.7%; a=0.05 ↓ 
Right curves Per.ch.: e= -43.7%; a=0.05 ↓ 
2 
Park J., 
Abdel-Aty 
M., Lee C.; 
2014; USA 
CMF [Crash 
Modification 
Factor] 
Implementation 
of edgeline 
rumble strips 
All crashes  
KABCO CMF=0.763, SE=0.056, a=0.05 ↓ 
KABC CMF=0.643, SE=0.074, a=0.05 ↓ 
Single 
vehicle Run-
off Road 
crashes 
KABCO CMF=0.651, SE=0.077, a=0.05 ↓ 
KABC CMF=0.625, SE=0.117, a=0.05 ↓ 
All crashes  
4 ft≤ shoulder 
width ≤6 ft 
KABCO CMF=0.614, SE=0.103, a=0.05 ↓ 
KABC CMF=0.565, SE=0.137, a=0.05 ↓ 
8 ft≤ shoulder 
width ≤12 ft 
KABCO CMF=0.792, SE=0.064, a=0.05 ↓ 
KABC CMF=0.659, SE=0.086, a=0.05 ↓ 
Implementation 
of shoulder 
rumble strips + 
widening 
shoulder width 
All crashes  
KABCO CMF=0.608, SE=0.059, a=0.05 ↓ 
KABC CMF=0.66, SE=0.112, a=0.05 ↓ 
Single 
vehicle Run-
off Road 
crashes 
KABCO CMF=0.541, SE=0.085, a=0.05 ↓ 
KABC CMF=0.661, SE=0.147, a=0.05 ↓ 
Number 
Author(s); 
Year; 
Country; 
Outcome 
indicator 
Exposure Quantitative Estimate 
Effect on 
road 
safety 
All crashes  
4 ft≤ shoulder 
width ≤6 ft 
KABCO CMF=0.351, SE=0.062, a=0.05 ↓ 
KABC CMF=0.451, SE=0.109, a=0.05 ↓ 
8 ft≤ shoulder 
width ≤12 ft 
KABCO CMF=0.807, SE=0.096, a=0.05 ↓ 
KABC CMF=0.839, SE=0.142, a=N/A - 
3 
Park J., 
Abdel-Aty 
M.; 2015; 
USA 
CMF [Crash 
Modification 
Factor] 
Implementation 
of edgeline 
rumble strips 
All crashes  
KABCO CMF=0.830, SE=0.07, a=0.05 ↓ 
KABC CMF=0.840, SE=0.08, a=0.10 ↓ 
Single 
vehicle Run-
off Road 
crashes 
KABCO CMF=0.750, SE=0.14, a=0.10 ↓ 
KABC CMF=0.800, SE=0.16, a=N/A - 
Implementation 
of edgeline 
rumble strips + 
widening of 
shoulder width 
All crashes  
KABCO CMF=0.75, SE=0.10, a=0.05 ↓ 
KABC CMF=0.78, SE=0.11, a=0.10 ↓ 
Single 
vehicle Run-
off Road 
crashes 
KABCO CMF=0.68, SE=0.17, a=0.10 ↓ 
KABC CMF=0.75, SE=0.21, a=N/A - 
4 
Torbic D.J., 
Hutton J.M., 
Bokenkroger 
C.D., Bauer 
K.M., Donnell 
E.T., Lyon C., 
Persaud B.; 
2010; USA 
Crash 
frequency 
[percent 
change] 
Implementation 
of Edgeline 
Rumble Strips 
Single 
vehicle Run-
off Road 
crashes 
Total crashes 
Urban 
freeways 
Perc.Ch.: cf=-5.8%, SE=7.3, test 
statistic=0.79 - 
Rural 
freeways 
Perc.Ch.: cf=-9.7%, SE=5.2, test 
statistic=1.86, a=0.10 ↓ 
Rural 
two-lane 
roads 
Perc.Ch.: cf=-16.2%, SE=8.1, test 
statistic=2.01, a=0.05 ↓ 
Fatal + Injury 
crashes 
Urban 
freeways 
Perc.Ch.: cf=-7.4%, SE=9.9, test 
statistic=0.75 - 
Rural 
freeways 
Perc.Ch.: cf=-17.1%, SE=7.3, test 
statistic=2.35, a=0.05 ↓ 
Rural 
multilane 
divided 
highways 
Perc.Ch.: cf=-2.6%, SE=13.5, test 
statistic=0.20 - 
Rural 
two-lane 
roads 
Perc.Ch.: cf=-36.4%, SE=9.7, test 
statistic=3.75, a=0.05 ↓ 
5 
Wu K.F., 
Donnell E.T., 
Aguero-
Valverde J.; 
2014; USA 
Crash 
severity 
probability 
[Slope] 
Implementation 
of edgeline 
rumble strips 
Slope: P= 0.149, SE=0.183, p=0.417 - 
Total 
number of 
crashes 
[Slope] 
Slope: TC= -0.072, SE=0.04, p=0.07, a=0.10 ↓ 
Severe 
crashes 
[slope] 
Slope: SC= -0.004, SE=0.148, p=0.976 - 
 
↓ denotes positive road safety effects - 
denotes not statistical significance, or not statistical 
significance, or unclear/marginal road safety effects 
↑ denotes negative road safety effects * 
denotes that no statistical analysis was conducted for the 
significance of the effects  
 
Table 3 Quantitative results of coded studies for edgeline rumble strips and impacts on road safety 
 
 
3.2 Identifying relevant studies  
Measure: implementation of edgeline rumble strips 
3.2.1 Literature search strategy 
The search strategy aimed at identifying recent studies concerning the implementation of edgeline 
rumble strips. Three main databases were consulted: Scholar, TRID and Science Direct. In general, only 
recent (after 1990) journal studies were considered. 
Limitations/ Exclusions: 
• Published: 1990 to 2016 
• Document source: ALL, Documents: Articles and papers, reports if needed to complete study 
numbers, Subject area: ALL 
• Language: English 
 
Database: TRID   Date: 3rd February 2017 
search no. search terms / operators / combined queries hits 
#1 Rumble strips 658 
#2 Edgeline rumble strips  17 
#3 Implementation of edgeline rumble strips 3 
 
 
Database: Google Scholar                                                                         Date: 3rd February 2017 
search no. search terms / operators / combined queries hits 
#1 “rumble strips”  4780 
#2 edgeline "rumble strips" 588 
#3 implementation "rumble strips" 3030 
#4 implementation of edgeline "rumble strips" 578 
#5 implementation of "edgeline rumble strips" 79 
 
 
Database: ScienceDirect   Date: 3rd February 2017 
search no. search terms / operators / combined queries hits 
#1 rumble strips 33 
#2 Edgeline rumble strips 3 
#3 Implementation of rumble strips  10 
#4 Implementation of edgeline rumble strips 0 
 
  
3.3 Results Literature Search 
Database Hits 
Google Scholar 9055 
TRID 678 
ScienceDirect 66 
Total number of studies to screen title 9799 
 
3.4 Screening 
The abstracts of relevant studies from the initial literature search results were examined to narrow the 
scope, and to detect the most appropriate studies at a first stage. The abstracts indicate whether the 
full text warrants close examination for coding and inclusion in the project. 
Total number of studies to screen title 9799 
Number of articles remaining after screening of the title 
= Total number of studies to screen abstract 
165 
Remaining studies after abstract screening 21 
Total number of studies to screen full text 21 
 
3.5 Eligibility 
Total number of studies to screen full-text 21 
Full-text could be obtained 14 
Reference list examined Y/N Yes (+0 papers) 
Eligible papers prioritized  5 
 
3.6 Prioritizing coding 
- Prioritizing Step A (most recent studies) 
- Prioritizing Step B (Journals over conferences and reports) 
- Prioritizing Step C (Prestigious journals over other journals and conference papers) 
- Prioritizing Step D (Studies from Europe) 
3.7 List of coded studies 
1. GATES T.J., SAVOLAINEN P.T., DATTA T.K., TODD R.G., RUSSO B., MORENA J.G.; 2012. 
Use of Both Centreline and Shoulder Rumble Strips on High-Speed Two-Lane Rural 
Roadways. Transportation Research Record: Journal of the Transportation Research Board, 
No. 2301, pp. 36–45. 
2. PARK J., ABDEL-ATY M., LEE C.; 2014. Exploration and comparison of crash modification 
factors for multiple treatments on rural multilane roadways. Accident Analysis and 
Prevention, 70, p. 167–177. 
3. PARK J., ABDEL-ATY M.; 2015. Development of adjustment functions to assess combined 
safety effects of multiple treatments on rural two-lane roadways. Accident Analysis and 
Prevention 75, pp. 310–319. 
4. TORBIC D.J., HUTTON J.M., BOKENKROGER C.D., BAUER K.M., DONNELL E.T., LYON C., 
PERSAUD B.; 2010. Guidance on Design and Application of Rumble Strips. Transportation 
Research Record: Journal of the Transportation Research Board, No. 2149, pp. 59–69. 
5. WU K.F., DONNELL E.T., AGUERO-VALVERDE J.; 2014. Relating crash frequency and 
severity: Evaluating the effectiveness of shoulder rumble strips on reducing fatal and major 
injury crashes. Accident Analysis and Prevention, 67, p.86–95 
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1  Summary 
 
 
 
 
 
Usami, D. S. & Ammari, A., May 2017 
 
1.1 COLOUR CODE: GREY 
 
According to existing research, the installation of a cycle lane may have a positive or negative effect on 
road safety. A cycle lane not physically separated from other traffic lanes could reduce injury accidents 
for cyclists. The effect is greatest at road intersections. On the other hand, a physically separated cycle 
track may increase the number of accidents, particularly accidents involving a bicycle at intersections. 
Results are based on a meta-analysis. 
 
Keywords: Bicycle, Bicyclist, Cycle Lane, Bicycle lane, Cycle Path, Cycle Track, Painted lane. 
 
1.2 ABSTRACT 
 
Cycle lanes are a protected or demarked space for bike traffic on the carriageway while cycle tracks 
are lanes physically separated from the carriageway. The implementation of cycle lanes usually has a 
non-significant positive effect on road safety reducing the number of accidents, not only cycle 
accidents but the total number of accidents. The implementation of cycle tracks on the contrary has a 
non-significant effect in reducing collisions between cyclists and motor vehicles and may increase the 
total number of accidents, particulalry road accidents at intersections hence, a significant negative 
effect on road safety. Cycle lanes could be considered as a means to facilitate active transportation 
while reducing risk for cyclists. The main results are based on two meta-analysis. 
 
1.3 BACKGROUND 
 
1.3.1 What is installation of cycle lanes? 
 
Installation of cycle lane (or track) is defined as providing a dedicated space for cyclists (a lane or track 
or path) to separate bicycle traffic from motor vehicle traffic. It could be a visually and physically 
separated space from the carriageway, e.g. by kerbstones, lawn or a ditch. In this case, it is usually 
called cycle track. Or it could be a protected space on the carriageway visually separated from motor 
vehicle traffic by means of road markings, e.g. a solid white or yellow line, and often additionally 
announced by road signs. In this case, the term is cycle lane. The legal meaning to the space created 
differs between countries. In the UK, for example, it is illegal for motor traffic to cross a solid white line 
and travel in the cycle lane, whereas this is not the case with an intermittent white line (Shackel & 
Parkin, 2014). Cycle lanes/tracks can accommodate one-way or two-way traffic and be painted, usually 
with red, green or blue color, or not painted. 
 
1.3.2 How does the installation of cycle lanes affect road safety? 
 
Cycle lanes and cycle tracks provide a visually separated (cycle lanes) or a visually and physically 
separated space (cycle tracks) between the cyclist and the vehicle driver and help to remind vehicle 
drivers that cyclists may be present. However, there is contradictory evidence in existing research 
about the potential safety benefits and risks of cycle lanes. Cycle lanes and tracks provide cyclists an 
increased feeling of security when travelling especially for inexperienced cyclists (Shackel & Parkin, 
2014). 
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 In general, they offer a higher degree of separation between the cyclist and the vehicle driver and help 
to remind vehicle drivers that cyclists may be present. This may reduce the probability of a conflict, 
e.g. during overtaking. However, the presence of cycle lane markings reduces the overtaking passing 
distance given to a cyclist by motor vehicle drivers (Harkey & Stewart, 2010) and can increase, although 
not significantly, the overtaking speed (Shackel & Parkin, 2014); this could cause turbulence, 
potentially affecting cyclist stability (Federal Highway Administration, 1975). Cycle lanes are not the 
only factors affecting the driver behaviour in case of a bike overtaking, according to Stewart & McHale 
(2014), when a driver is overtaking a cyclist at a mid-block (i.e. not at a road intersection), there are 
more significant variables than the presence of a cycle lane that determines the overtaking distance. 
The three most significant are: absolute road width, the presence of nearside parking and the presence 
of an opposing vehicle at the time of an overtaking manoeuvre. 
 
1.3.3 Which safety outcomes are affected by installation of cycle lanes? 
 
In the international literature, the effect of physically separated and not separated cycle lanes on road 
safety has been measured using the number of accidents. Installation of cycle lanes and cycle tracks 
may have different effects with respect to the severity of accidents and the type of target accident 
(usually cycle accidents are considered in the evaluation). 
 
1.3.4 How is the effect of the installation of cycle lanes studied? 
 
The effect of implementing a cycle lane or a cycle track is usually examined through before-after 
studies and cross-sectional studies by comparing the frequency of accidents on roads with a cycle 
lane/track and on roads with mixed traffic (i.e. without a cycle lane/track). 
 
1.3.5 Which factors influence the effects of the installation of cycle lanes on road safety? 
 
The effects of the installation of cycle lanes/tracks have been studied considering the location of the 
accident (i.e. along a road or at an intersection), various accident injury severities (fatal, severe and 
minor injury) as well as the total number of accidents and cycle accidents only. Studies refer generally 
to accidents in urban areas. 
 
1.4 OVERVIEW RESULTS 
 
1.4.1 Main results 
 
According to results, installation of cycle lanes have a non-significant positive effect on road safety, 
reducing the number of cycle accidents. The effect is greatest at road intersections. On the other hand, 
a physically separated cycle track may increase the number of accidents, particularly cycle accidents at 
intersections. The installation of a painted cycle lane has no significant effect on road safety in urban 
areas. 
 
1.4.2 Transferability 
 
Most research was carried out in the United States, United Kingdom, Canada, Denmark, Sweden, New 
Zealand and Australia. Overall, one study and two meta-analysis including several studies were found, 
however, considering the mixed results further research in the topic could provide a more robust 
results. Research focused on all accidents and bike accidents in different accident locations such as on 
a road section, at intersections and on both the road section and intersections. 
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1.5 NOTES ON ANALYSIS METHODS 
 
The synopsis is mainly based on two meta-analysis studies. In both the cycle lane and cycle track meta-
analysis studies, a fixed effects model has been implemented. The studies included in the meta-analysis 
are from USA, UK, Canada, Denmark, Sweden, New Zealand and Australia. 
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2  Scientific overview 
 
 
 
 
 
2.1. LITERATURE REVIEW 
 
2.1.1. Analysis of study designs and methods 
 
Results are mostly based on two recent meta-analyses carried out by Høye (2015) coded in two 
different coding sheets and evaluating the effects of installation of both cycle lanes and cycle tracks. A 
further recent study is included in this review examining the effects of painted cycle lanes in the city 
of Toronto (Canada) (Bhatia et al., 2016). 
 
A total of 13 studies were considered in the meta-analysis evaluating cycle lanes. Research has been 
carried out in the United States, UK, Canada, Denmark, Sweden, New Zealand and Australia: 
 
The studies adopted a before-after or cross sectional method. Most of the studies compared the 
number of accidents on roads equipped with a cycle lane (not physically separated) with mixed traffic. 
A modifying variable commonly adopted in these studies is the accident location, i.e. on a road section 
or at a road intersection, in urban areas. The outcome variables considered are in terms of number of 
accidents (considering the effects on all accident and on bike accidents). Results are based on studies 
controlling for bicycle traffic. A fixed effects model is used in the analysis. The results do not seem to 
be affected by publication bias. 
 
The meta-analysis on physically separated cycle lanes or cycle tracks is based on three studies, all of 
them conducted in Denmark: 
 
All the considered studies adopted a before-after design. The studies evaluated the effects of 
implementation of one-way cycle tracks that are physically separated from traffic with kerbstones. The 
design of the cycle track in intersections is not specified in the primary studies. A modifying variable 
commonly adopted in these studies is the accident location, i.e. on a road section or at a road 
intersection, in urban areas. The primary studies did not control for bicycle traffic, this means an 
increase in accidents could be due to higher bicycle volumes. A fixed-effects model is used in the 
analysis. 
 
The Canadian study (Bhatia et al., 2016) is based on a before-after evaluation of 7 painted cycle lanes 
in Toronto. The frequency of cycle Vs motor vehicle collisions per month was used as the outcome 
variable. The data included all collisions between bicycles and motor vehicles reported. The study did 
not correct for regression to the mean bias and traffic. 
 
Table 1 illustrates an overview of the main aspects of the coded studies (sample, method and 
outcome). 
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Table 1 Description of coded studies 
 
 
Author(s), 
  
Sample and study design 
  
Method of analysis 
  
Outcome indicator 
 
 
        
 
 Year, Country           
 
            
 
            
 
Høye et al., 2015,  16 studies based on a before-after and cross  Meta-analysis. Random  Number of accident 
 
Norway  sectional design.  effects    
 
       
 
Høye et al., 2015,  3 studies based on a before-after design.  Meta-analysis. Fixed  Number of accident 
 
Norway     effects    
 
       
 
Bhatia et al.,2016,  Total of 23,959 collisions between cyclists and  Before and after study  Number of accidents 
 
Canada  motor vehicles were reported in Toronto. Of these     (Fatal, Injury, all, no injury) 
 
    collisions, 329 occurred on the 7 lane road       
 
    segments considered in the study.       
 
            
 
 
 
2.1.2. Study Results 
 
The considered studies show that the installation of physically separated and not separated cycle lanes 
both have a positive and negative effect on road safety. Results can be differentiated according to 
target accident and the type of cycling facility implemented. 
 
Installation of not physically separated cycle lanes 
 
Cycle lanes have a positive effect on road safety. However, almost none of the results are statistically 
significant, since there is large variation among the results of the primary studies, reflected in wide 
confidence intervals (see Table 7). Among studies that do control for bicycle traffic, bike lanes have 
less accidents than mixed traffic both considering all accidents and only cycle accidents. The effect is 
greatest at road intersections. The result for bicycle accidents in intersections is based on one study 
only. Studies that did not control for bicycle volume (not considered in the results), generally found 
less beneficial effects on safety, presumably due to increased bicycle traffic. 
 
Installation of physically separated cycle tracks 
 
Based on the meta-analysis study, the installation of physically separated cycle lanes or cycle tracks 
has a negative effect on road safety. A significant increase in the total number of accidents was found 
on road sections or at intersections. A significant increase is also found for cycle accidents at 
intersections. A possible explanation for the increased cycle accident number at intersections is that 
physical separation of cyclist and motor traffic affect the level of attention of cyclists to drivers and 
vice-versa. Moreover, cyclists may overestimate their own safety (Shackel & Parkin, 2014). 
 
Installation of painted cycle lane 
 
Based on the before and after study there was no statistically significant crash reduction. A significant 
increase in the number of cycle-motor vehicle collisions involving no injury was found. This could be 
attributable to the combination of lower motor-vehicle speeds and an increase in collisions at 
intersections
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 Table 2 presents information on the main outcomes of coded studies on the installation of cycle lane. 
 
 
 
Table 2 Main outcomes of coded studies for installation of cycle lane 
 
 
Author, 
  
Exposure variable 
  
Outcome 
  
Effects* 
    
Main outcome - 
 
 
            
 
 Year, Country      variable /         Description  
 
       Outcome type            
 
                    
                   
 
Høye el al.,2015, 
    
Bike accident - 
   
-45 
  
  
 
 
          
 
Norway 
 
Cycle lane (not physically 
 
Accidents on road 
       
   
(↘) 
     Significant positive effect on 
 
    
separated) 
 
sections or at 
  
(-51; -39) 
   
road safety 
  
 
             
 
       intersection           
 
                 
 
    Cycle lane (not physically  All accident -  
( ) 
 
-5 
   
Non-significant effect on road      
separated)  Accidents on road              
(-27; +25) 
   
safety 
  
 
       
sections 
        
 
                 
 
                 
 
    Cycle lane (not physically  Bike accident -  
( ) 
 
-60 
   
Non-significant effect on road      
separated) 
 
Accidents at 
     
 
       
(-91; +78) 
   
safety 
  
 
       
intersections 
        
 
                 
 
                  
 
    Cycle lane (not physically  
Bike accident - 
          
 
    separated)   
( ) 
 -14    Non-significant effect on road       
Accident location                
(-51; +50) 
   
safety 
  
 
       
unspecified 
        
 
                 
 
                
 
Høye el al.,2015,     All accident -           
 
Norway  Cycle track (physically  Accidents on road  
(↗) 
 +8    Significant negative effect on 
 
    
separated cycle lane) 
 
sections or at 
  
(0; +17) 
   
road safety 
  
 
             
 
       intersections           
 
                   
 
 
 
      
 
      
 
 Cycle track (physically Bike accident -    
 
 separated cycle lane) Accidents on road 
( ) 
+12 Non-significant effect on road 
 
  
sections or at (-1; +27) safety 
 
   
 
  intersections    
 
      
 
 Cycle track (physically All accident - 
( ) 
-4 Non-significant effect on road   
separated cycle lane) Accidents on road   
(-17; +11) safety 
 
  
sections 
 
 
     
 
      
 
 Cycle track (physically 
Bike accident  
  
 
 separated cycle lane) 
( ) 
-8 Non-significant effect on road   Accidents on road    
(-26; +15) safety 
 
  
sections 
 
 
     
 
      
 
 Cycle track (physically 
Bike accident 
   
 
 
separated cycle lane) 
 
+23 Significant negative effect on 
 
 Accidents at (↗)    
(+6; +24) road safety 
 
  
intersections 
 
 
     
 
      
 
Bhatia, D.,2016,    0.82   
Canada   
( ) 
Non-significant effect on road  
Painted cycle lane All lanes (0.65; 1.03)   
safety 
 
     
 
      
 
 
Painted cycle lane 
Accidents during (↘) 0.87 Non-significant effect on road 
 
 
Summer months (0.68; 1.13) safety 
 
   
 
      
 
 
Painted cycle lane 
Accidents during (↘) 0.73 Non-significant effect on road 
 
 Winter months (0.49; 1.1) safety     
 
      
 
 
Painted cycle lane No injury (↗) 
5  
 
 
(1,44; 17.28) 
Significant negative effect on 
road safety 
 
   
 
 
      
 
   
( ) 
0.84 
Non-significant effect on road   
Painted cycle lane Minor injury (0.58; 1.2)   
safety 
 
     
 
      
 
 
Painted cycle lane Fatal injury ( ) 
0.72 Non-significant effect on road 
 
 
(0.51; 1.01) safety 
 
    
 
      
 
*Significant effects on road safety are coded as: positive (↘), negative (↗) or non-significant ( ) 
 
  
 
 
 
2.1.3. Description of analysis carried out 
 
Review-type analysis 
 
Considering the number of studies with the relevant estimates is was decided that neither a meta-
analysis nor a vote-count analysis can be conducted. Hence, a review-type analysis was chosen. 
 
The results above present both a positive and negative effect of the installation of cycle lanes and cycle 
tracks on road safety. It can be summarised that installing cycle lanes and tracks lead to mainly non-
significant positive effects and significant negative effects respectively. At the same time and under 
certain conditions the installation of cycle lanes showed significant positive effects, however, in a small 
proportion. 
 
Hence, on the basis of both study and effect numbers, it can be argued that the installation of cycle 
lanes has a non-significant positive effect of road safety since there were clearly more non-significant 
positive effects identified. Whereas, the installation of cycle tracks has a significant negative effect on 
road safety indicated by the list of more significant negative effects. The chosen studies are of sufficient 
quality and mainly consistent in their results. In short, results show that the installation of cycle lanes 
decreases road safety risk. Whereas the installation of cycle tracks increases road safety risk hence, a 
grey colour code was assigned. 
 
2.2. CONCLUSION 
 
Studies on the effect of the installation of cycle lanes and tracks on road safety identified in the 
international literature mainly focus on accident frequency. 
 
The studies identified indicate that the installation of cycle lanes is associated with a statistically non-
significant reduction in crash occurrence. On the contrary, there is indication from literature that the 
installation of cycle tracks is associated with a statistically significant increase in crash occurrence. This 
result can be emphasized by the findings of the meta-analysis below. 
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3. Supporting document 
 
 
 
 
 
3.1. METHODOLOGY 
 
3.1.1. Literature Search strategy 
 
The literature search was conducted in January-March 2017. The search strategy aimed at identifying 
the best quality and recent studies to estimate the effectiveness of the installation of cycle lane and 
related treatments, thus considering not only cycle lane implementation but also the type of cycle lane, 
whether painted or not, and also visually separated designs. During the screening phase the search 
focused on installation of cycle lane treatments. 
 
A meta-analysis carried out in 2015 is available: Separate bicycle facilities in town Effects on safety, 
accessibility, safety and cycling, Norwegian version. As this meta-analysis is available, only recent 
journal studies (after 2015) in the field of Engineering and Social science were considered from 
“Scopus”, “TRID” and “Google Scholar” database. 
 
Search terms used to identify relevant papers included, but were not limited to: “cycle lane”, “cycle 
track”, “cycle path”, “cycle effect”, and “cycle safety”. Detailed search terms, as well as their linkage 
with logical operators and combined queries are shown in Tables 3, 4 and 5. A total of 1,204 potentially 
eligible studies were identified (Table 6). After a preliminary abstract screening, 5 studies were 
considered for full text review (Table 7), however, ultimately no studies were found to be eligible to 
the topic. One study was found during the literature search occasionally (e.g. via Google). 
 
Table 3 Literature search strategy (Scopus database) - Date: 3rd January 2017 
 
search no. search terms / operators / combined queries Hits 
#1 ("lane*" OR "track*" OR “path*") W/0 ("cycle" OR "bike" OR "cycling") AND 120 
 ("effect*" OR "evaluation" OR “impact*”) AND (“safety”) AND DOCTYPE ( ar  
 OR re ) AND PUBYEAR > 2014 AND SRCTYPE ( j ) AND LANGUAGE (  
 english ) AND SUBJAREA ( engi OR soci)  
#2 (“casualt*” OR “fatalit*” OR “accident*” OR “crash*” OR “collision*” OR 44,314 
 “injur*”) AND DOCTYPE ( ar OR re ) AND PUBYEAR > 2014 AND  
 SRCTYPE ( j ) AND LANGUAGE ( english ) AND SUBJAREA ( engi OR soci)  
#3 #1 AND #2 96 
 
Table 4 Literature search strategy (TRID database) - Date: 3rd January 2017 
search no. search terms / operators / combined queries Hits 
#1 ("bike lane*" OR " bike track*" OR “bike path*" OR "cycle lane*" OR " cycle 28 
 track*" OR “cycle path*") AND evaluation  [From 2015 to 2017]  
 
Table 5 Literature search strategy (Google Scholar database)- Date: 3rd January 2017 
search no. search terms / operators / combined queries Hits 
#1 "bike lane*" OR " bike track*" OR “bike path*" OR "cycle lane*" OR " cycle 1,080 
 track*" OR “cycle path*" +effect +evaluation  [From 2015 to 2017]  
#2   
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Table 6 Results Literature Search 
 
Database Hits 
Scopus (remaining papers after several limitations/exclusions) 96 
TRID 28 
Google Scholar 1,080 
Total number of studies to screen title/ abstract 1,204 
 
Table 7 Screening results  
Total number of studies to screen title/ abstract 1,204 
-De-duplication 2  
-exclusion criteria A (e.g. part of a meta-analysis) 3  
-exclusion criteria B (e.g. no measure) 1,193 
-exclusion criteria C (e.g. poor evaluation ) 1  
-exclusion criteria D    
Remaining studies 5  
Not clear (full-text is needed) 5  
Studies to obtain full-texts  5 
    
 
 
 
 
3.1.2. Analysis of study designs and methods 
 
The large amount of studies included in the meta-analysis indicate that the topic has been thoroughly 
investigated. The results are based on several types of studies from a range of years. 
 
Most of the included studies have compared the frequency of accidents on roads 
(painted/unpainted and separated/unseparated cycle lanes). The included studies do not specify 
whether accidents in rural areas are included or not. 
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Agerholm, N., Tradisauskas, N., Waagepetersen, R. & Lahrmann, H. (2008). Intelligent Speed 
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1  SUMMARY 
1.1 Colour code: Green 
Explanation: 
On the basis of both study and effect numbers, the installation and maintenance of traffic signs appear 
to have positive effects on road safety. There are cases when the impact is inconclusive, but these 
instances are in the minority. Furthermore, the coded studies encompass several topics and have good 
levels of quality and consistency. For the reasons mentioned above, the overall impact of traffic sign 
installation and maintenance is characterized as green (effective). 
1.2 Keywords 
Traffic sign; traffic-calming devices; mean speed; driver behaviour; road safety; passing manoeuvres; 
crash reduction 
1.3 Abstract 
Traffic signs are widely used to warn road users and provide them with information. Their presence and 
effectiveness affects road safety levels, causing a reduction in mean speed and in the number of 
vehicles travelling over the displayed speed limit. In addition to this, traffic sign installation and 
maintenance also leads to an improvement of vehicular lateral position. Five high quality studies 
regarding various traffic sign installation and maintenance were coded. On the basis of both study and 
effect numbers, it can be argued that traffic sign installation and maintenance has positive impacts on 
road safety. 
1.4 Background 
1.4.1 Definition of traffic signs 
Traffic signs are signs erected or located by the roadside. Their main function is to provide information 
about regulations, warnings, and navigation to road users. Words, numbers, symbols, and arrows are 
usually used to convey the required messages. Traffic signs are grouped into three main categories: 
regulatory signs, which give notice of traffic laws or regulations; warning signs, which give notice of a 
situation that might not be readily apparent; and guide signs, which show destinations, directions, 
distances, etc.   
1.4.2 How do traffic signs affect road safety? 
Traffic signs warn drivers of possible dangers and provide information. Results of the coded studies 
showed a reduction in the mean vehicle speed, and in the percentage of vehicles travelling over the 
displayed speed limit, as a result of the presence of traffic signs. 
Traffic signs also shift motor vehicles away from the rightmost lane positions and have a positive effect 
on the number of slowing and stopping motorists at pedestrian crosswalks.  
1.4.3 Which safety outcomes are affected by traffic signs? 
The reviewed studies focus on various outcomes. In some studies, the focus is to estimate the crash 
reduction due to the presence of traffic signs, either by an absolute difference between before and after 
the installation and between exposed and non-exposed sites, or by the calculation of the crash 
modification factors. Additionally, the safety effectiveness of traffic signs is also evaluated with 
secondary indicators, such as mean speed reduction, number of slowing and stopping motorists at 
pedestrian intersections, and the percentage of vehicles travelling over the displayed speed limits. 
Finally, one study concentrates on behavioural indicators (i.e. motor vehicle lateral placement at the 
time of the passing maneuver, mean buffer distance between the bicyclists and passing motorists and 
propensity of crowding events during passing) to test the effectiveness of the traffic sign installation. 
1.4.4 How is the effect of traffic signs on road safety studied? 
The effect of the presence of traffic signs is examined in a variety of different ways in the international 
literature. Often this measure is examined alongside others (e.g. traffic signals, speed hump, etc.) and 
not by itself, and its examination is adjusted to the models selected to capture the entire situation for 
the given case. 
The most common approach to test the effectiveness of traffic signs is a comparison before and after 
the installation or the maintenance, or a comparison between exposed and non-exposed sites. 
1.4.5 Overview of results 
Effects in the international literature show that traffic signs tend to increase the level of road safety. 
Most of the examined studies show a reduction in the mean speed of vehicles travelling over the 
displayed speed limit, and in the percentage of slowing and stopping motorists. Significant positive 
effects were also found on vehicular lateral placement. On the other hand, non-statistically significant 
results were found on crash reduction and on other behavioural indicators. 
1.4.6 Transferability 
Coded studies are based on studies primarily from the United States, with one study being from China. 
While this is a modest sample of developed countries (particularly when considering US diversity) there 
is still room for representation of other areas of the globe, and there’s a respective gap of knowledge, 
especially concerning less motorized regions. The majority of the studies examine all motor vehicles 
without differentiating between types of road users, while one study focuses only on pedestrians, 
cyclists and cars. 
1.4.7 Notes on analysis methods 
The methodology applied for capturing the impact of traffic signs on road safety varies considerably 
between studies. This variation is mainly in terms of the mathematical models utilised, but also with 
respect to the outcomes evaluated as dependent variables. There is also a certain margin for 
investigating different road user categories and/or other geographical regions. All aforementioned 
factors make the findings for traffic signs installation and maintenance transferable with caution. 
  
2  SCIENTIFIC OVERVIEW 
2.1 Analysis of study designs and methods 
After appropriate use of various search tools and databases, six (6) high quality studies were selected 
and coded to evaluate the effectiveness of the installation and maintenance of traffic signs on road 
safety. Two studies (Chen et al., 2013; Schattler et al, 2015) investigate the changes in crash frequency, 
while Clark et al. (2016) evaluate the effects of the maintenance of traffic signs on the number of 
slowing/stopping motorists and on pedestrians in conflict with vehicles. Two other studies (Hallmark et 
al.,2013; Kay et al., 2014) examine the reduction in mean speed due to the installation of two different 
measures of effectiveness. In addition to this, Hallmark et al. (2013) also analyse the fraction of vehicles 
travelling over the displayed speed limit, while Kay et al. (2014) examine the motor vehicle lateral 
placement as well as the mean buffer distance between bicyclists and passing motorists, and the 
propensity of crowding events during the passing maneuver. The last study (Jun et al., 2013) analyses 
vehicle delay at signalised intersections. It is worth noting that this study has been coded, but has not 
been reported in the following tables, since the delay of the intersection does not directly provide a 
clear indication of the road safety benefits. 
In order to examine the relationship between the exposure and outcome indicators for the traffic signs, 
the studies either deployed multivariate parameter significance testing, univariate parameter testing 
with multivariate data input (i.e. Z-test, Poisson test or analysis of covariance - ANCOVA) or at least 
conducted a basic descriptive statistical analysis. A study also used a multiple linear regression model 
and a logistic regression model. 
2.2 Literature Review 
Regarding crash frequency, the first study (Chen et al., 2013) shows that the reduction of the  displayed 
speed limit is found to have a limited impact on crashes, including injurious and fatal crashes. Similarly, 
Schattler et al. (2015) observe a non-statistically significant reduction in left-turn crashes with the 
installation of supplemental traffic signs.  
When examining traffic signs, another popular outcome is the reduction of vehicular speed. Hallmark 
et al. (2013) report a significant decrease in mean speed for all the traffic-calming devices installed 
(speed limit sign with radar-activated light-emitting diodes (LEDs) embedded around the border, and 
a displayed vehicle speed sign). In the same way, Kay et al. (2014) show that vehicular speed reduces 
significantly with the installation of a bicycle warning sign with a “share the road” plaque.  
Furthermore, Hallmark et al. (2013) also focus on the fraction of vehicles exceeding the  displayed speed 
limits, and results show a significant reduction for all the different speed exceedance intervals.  
In addition to vehicular speed, Kay et al. (2014) analyse changes in motor vehicle lateral placement at 
the time of the passing maneuver. The sign treatment is found to shift motor vehicles away from the 
rightmost lane positions, though the signs did not significantly affect the mean buffer distance between 
the bicyclists and passing motorists, or the propensity of crowding events during passing.   
Finally, another study (Clark et al., 1996) aims at testing the effects of the maintenance of existing signs 
with fluorescent SYG (Strong Yellow Green) warning signs, and findings demonstrate marginal 
improvements in perceived safety at the crossing sites. The occurrence of motorists slowing and 
stopping increased significantly at three of the seven test sites, while the proportion of 
vehicle/pedestrian conflicts did not change significantly.  
An overview of the major features of the coded studies (sample, method, outcome and results) is 
illustrated on Table 1. Apart from their numbers, the studies are marked with [TSI] or [TSR] to denote 
whether they originally belonged to traffic sign installation [TSI] or to traffic sign maintenance [TSR]. 
Number 
Author(s); 
Year; 
Country; 
Sampling frame for  
traffic sign measures 
Method for traffic sign 
measures 
Outcome indicator Main Result 
1 
[TSR] 
Chen L., Chen 
C., Ewing R., 
McKnight 
C.E., 
Srinivasan R., 
Roe M.; 2013; 
USA 
4672 accidents, occurred in 270 
locations in New York City, were 
considered. Five types of crashes are 
studied: all, multiple vehicle, 
pedestrian, bicycle crashes and 
crashes with injuries and fatalities. 
Absolute difference 
comparison between 
before and after the 
installation 
[ANCOVA regression 
approach] 
Observe crashes 
[percent change]; 
CMF 
Results showed that speed limit 
reduction is found to have a 
limited impact on crashes 
including injurious and fatal 
crashes. 
2 
[TSR] 
Clark K.L., 
Hummer J.E., 
Dutt N.; 
1996; USA 
A safety evaluation of several 
pedestrian crossings before and after 
the implementation of SYG warning 
signs was conducted. The test sites 
represented a variety of pedestrian 
environments (a college campus, a 
recreational area, a shopping district, 
and multiple environments within 
central business districts) and were 
chosen from among several North 
Carolina Cities.  
Absolute difference 
comparison between 
before and after the 
installation [Z-test] and 
between exposed and 
non-exposed sites  
Slowing/stopping 
motorists 
[absolute 
difference]; 
Pedestrians in 
Conflict with 
Vehicles [absolute 
difference] 
Fluorescent strong yellow-green 
treatment produced only 
marginal improvements in 
perceived safety at the crossing 
sites. The occurrence of 
motorists slowing and stopping 
increased significantly at three 
of the seven test sites, while the 
proportion of vehicle pedestrian 
conflicts did not change 
significantly. 
3 
[TSI] 
Hallmark S.L., 
Knickerbocker 
S.; Hawkins 
N.; 2013; USA 
Two traffic-calming devices were 
evaluated to determine their 
effectiveness in reducing speeds 
along the main road through a small 
rural community. Data were typically 
collected for 48 hours on a Monday 
through Friday under mostly dry 
weather conditions. 
Absolute difference 
comparison between 
before and after the 
installation 
Mean speed 
[absolute 
difference];  
Fraction of 
Vehicles Traveling 
Over The displayed 
Speed Limit 
[absolute 
difference] 
Both devices lead to a reduction 
of mean speed and vehicles 
exceeding the displayed speed 
limits. The decreases appear to 
be moderate or significant 
according to the community and 
the device installed. 
4 
[TSI] 
Kay J.J., 
Savolainen 
P.T., Gates 
T.J., Datta 
T.K.; 2014; 
USA 
A series of four field behavioural 
studies were conducted along two 
sections of a two-lane rural highway 
(109) in the north western Lower 
Peninsula, which serves as a popular 
bicyclist route. A total of 1200 passing 
events were observed during the pre-
installation studies and 1225 events 
were observed post-installation. 
Multiple linear regression 
model & logistic 
regression model 
Buffer distance 
[slope]  
Crowding [slope]  
Rightmost lane 
position [slope]  
Vehicular speed 
[slope] 
The sign treatment reduced the 
proportion of motor vehicles 
passing bicyclists in the 
rightmost lane position, but did 
not significantly affect the mean 
buffer distance between the 
bicyclists and passing motorists 
and the proportion of motor 
vehicles that crowded bicyclists 
as they passed. The sign was 
also found to reduce vehicular 
speeds. 
5 
[TSI] 
Schattler 
K.L., Gulla 
C.J., 
Wallenfang 
T.J., Burdett 
B.A., Lund 
J.A.; 2015; 
USA 
Supplemental traffic signs (with text 
“Left Turn Yield on Flashing Yellow 
Arrow”) were mounted at signalized 
intersections in the Peoria (Illinois), 
adjacent to the left turn signal. A 
total of 164 approaches located at 86 
test intersections were included in 
the evaluation: 90 had supplemental 
signs, while the other 74 did not. 
Poisson test was 
conducted to statistically 
compare crash reduction 
for the before-and-after 
scenarios 
Crash reduction 
[Percent accident 
change] 
Results, from the naïve before 
and after study, indicated 
significant crash reductions in 
left-turn related and LTOT 
crashes for those FYA 
approaches with supplemental 
sign, for drivers of all ages. No 
statistically significant 
reductions were observed in left 
turn crashes, with the empirical 
Bayes approach. 
Table 1 Description of coded studies 
2.2.1 Limitations 
There are a few limitations in the current literature examining the effects of installation and 
maintenance of traffic signs on road safety. The first is that only two studies (Chen et al., 2013; Schattler 
et al, 2015) focus on crash frequency, while the others consider indirect parameters for road safety (such 
as vehicular speed, lateral position, etc.), which do not directly provide  clear information regarding the 
number of crashes. 
Secondly, the totality of studies comes from the United States and there is a lack of information 
concerning the impact of installation and maintenance of traffic signs in different environments, e.g. 
less motorized countries, European or Asian countries, etc. Moreover, while the US is a developed 
country and is advanced in road safety issues, this sample cannot be said to be representative of the 
impact of traffic signs worldwide. 
2.3 Results for traffic sign installation / maintenance  
2.3.1 Introduction 
The effects of the presence of traffic signs on road safety can be summarized as follow: 
• 1 study with a non-significant effect on crash frequency (due to the installation of supplemental 
traffic signs); 
• 1 study with a limited effect on crash reduction (due to the installation of speed reduction sign), but 
no statistical data are provided;  
• 1 study with a non-significant effect on pedestrians in conflict with vehicles (due to the maintenance 
of existing signs with fluorescent SYG warning signs);  
• 1 study with a significant positive effect on the number of slowing/stopping motorists (due to the 
maintenance of existing signs with fluorescent SYG warning signs); 
• 2 studies with a significant positive effect on mean speed (due to the installation of traffic-calming 
devices or due to the installation of a bicycle warning sign with a “share the road” plaque); 
• 1 study with a significant positive effect in the fraction of vehicles exceeding the the displayed 
speed limit (due to the installation of traffic-calming devices); 
• 1 study without significant effects on the mean buffer distance between the bicyclists and passing 
motorists and on propensity of crowding events during passing (due to the installation of traffic-
calming devices or of a bicycle warning sign with a “share the road” plaque) 
• 1 study with a significant positive effect on vehicles’ lateral position (due to the installation of 
traffic-calming devices or of a bicycle warning sign with a “share the road” plaque). 
The quantitative results of the coded studies (along with their general effects on road safety) are shown 
in Table 2, which is presented in the supporting document. 
After the results were reviewed together (in possible consideration of a meta-analysis), the following 
points were observed: 
a) There is an adequate number of studies.  However: 
b) Those studies have not all used the same model for analysis. 
c) There are different indicators, and even when they coincide they are not necessarily measured in 
the same way. 
d) The sampling frames were different.  
 
2.4 Description of analysis carried out 
2.4.1 Review-type analysis 
After considering the previous points, it was decided that a meta-analysis could not be carried out in 
order to find the overall impact of traffic signs on road safety. In fact, despite the suitable number of 
studies, the sampling frames, outcome variables and statistical analyses are all too different for the 
meta-analyses to be unified, and the small overlap will induce double-counting bias in the final result. 
Furthermore, each study focuses on different aspects of road safety that can be best examined 
separately in a qualitative analysis.  
Taking the above into consideration, it was decided that both the meta-analysis and the vote count 
analysis are inappropriate, and thus the review type analysis was selected. Therefore, the effect of the 
installation and maintenance of traffic signs will be given via a qualitative analysis.  
The positive effects of speed reduction appear to occur in several locations, for different measures of 
effectiveness both on urban and rural study sites. On the other hand, findings demonstrate a mostly 
non-statistically significant effect of traffic signs on crash reduction.  
Significant positive effects were also found on the percentage of vehicles exceeding the displayed 
speed limit, for several devices in urban environments, on vehicular lateral placement, and on the 
percentage of slowing/stopping motorists in pedestrian crossing areas. Conversely, the percentage of 
pedestrians in conflict with vehicles was found to be unaffected.  The same is true for other behavioural 
variables. 
2.4.2 Overall estimate for road safety 
On the basis of both study and effect numbers, it can be argued that traffic sign measures have a 
positive effect on road safety. However, there are cases when its impact is inconclusive, and even cases 
with isolated negative effects. However, these are in the minority and occur as a result of unexpected 
circumstances. As mentioned earlier, these studies have good levels of quality, and overall are 
consistent in their results. This leads to the assignment of the Green colour code for traffic sign 
installation and maintenance. 
2.5 Conclusion 
The review-type qualitative analysis carried out showed that traffic sign installation and maintenance 
has a positive impact on road safety. The results are mostly consistent and show a marginal decrease 
in crashes, and similarly positive effects on slowing/stopping motorists and speeding reduction. There 
are some limitations in the examined areas and indirect methods used, but an overall effect of traffic 
signs can be deduced nonetheless. This leads to the assignment of the green colour code for the 
conversion of at-grade junctions to interchanges. Essentially, this means that this measure reduces 
road safety risk consistently. 
 
 
 
 
 
 
 
  
3  SUPPORTING DOCUMENT 
3.1 Supporting quantitative table 
Below follows Table 2, which includes all quantitative effects from the coded studies for the measures 
of traffic signs installation and maintenance.  
Number 
Author(s); 
Year; 
Country; 
Outcome 
indicator 
Exposure Quantitative Estimate 
Effect 
on road 
safety 
1 
[RTS] 
Chen L., 
Chen C., 
Ewing R., 
McKnight 
C.E., 
Srinivasan 
R., Roe M.; 
2013; USA 
Observed 
crashes 
[percent 
change] 
Installation of 
speed 
reduction 
signs 
Segment 
All crashes Per.Ch.: OC= -22.46 % ↓* 
multiple vehicle crashes Per.Ch.: OC= -15.54 % ↓* 
Pedestrian crashes Per.Ch.: OC= -55.88 % ↓* 
Bicycle crashes Per.Ch.: OC= -16.66 % ↓* 
Injurious and Fatal crashes Per.Ch.: OC= -13.31 % ↓* 
Intersecti
on 
All crashes Per.Ch.: OC= -35.65 % ↓* 
multiple vehicle crashes Per.Ch.: OC= -33.94 % ↓* 
Pedestrian crashes Per.Ch.: OC= -41.49 % ↓* 
Bicycle crashes Per.Ch.: OC= -13.04 % ↓* 
Injurious and Fatal crashes Per.Ch.: OC= -34.11 % ↓* 
CMF 
Installation of 
speed 
reduction 
signs 
Segment 
All crashes CMF=0.86; SE=0.16; a=0.05 - 
multiple vehicle crashes CMF=0.95; SE=0.16; a=0.05 - 
Injurious and Fatal crashes CMF=0.88; SE=0.21; a=0.05 - 
Intersecti
on 
All crashes CMF=0.86; SE=0.08; a=0.05 - 
multiple vehicle crashes CMF=0.90; SE=0.10; a=0.05 - 
Pedestrian crashes CMF=0.65; SE=0.22; a=0.05 - 
Injurious and Fatal crashes CMF=0.87; SE=0.09; a=0.05 - 
2 
[RTS] 
Clark K.L., 
Hummer 
J.E., Dutt 
N.; 1996; 
USA 
Slowing/stop
ping 
motorists 
[absolute 
difference]; 
Maintenance 
of existing 
signs with 
fluorescent 
SYG warning 
signs  
Site 1 
After I [summer session] 
Abs. Dif.: SM=-1.33%, 
Z=1.085<1.645, a=0.05 - 
After II [regular semester] 
Abs. Dif.: SM=-2.13%, 
Z=2.327>1.645, a=0.05 ↓ 
Site 2 
Abs. Dif.: SM=-4.24%, 
Z=2.596>1.645, a=0.05 ↓ 
Site 3 
Abs. Dif.: SM=-13.94%, 
Z=6.613>1.645, a=0.05 ↓ 
Site 4 
Abs. Dif.: SM=-7.42%, 
Z=4.446>1.645, a=0.05 ↓ 
Site 5 
Abs. Dif.: SM=-11.31%, 
Z=6.762>1.645, a=0.05 ↓ 
Site 6 
Abs. Dif.: SM=-4.45%, 
Z=3.348>1.645, a=0.05 ↓ 
Site 7 
Abs. Dif.: SM=-0.5%, 
Z=1.012<1.645, a=0.05 - 
Pedestrians 
in Conflict 
with Vehicles 
[absolute 
difference] 
Maintenance 
of existing 
signs with 
fluorescent 
SYG warning 
signs  
Site 1 
After I [summer session] 
Abs. Dif.: PC=0.59 %, 
Z=1.108<1.645, a=0.05 - 
After II [regular semester] 
Abs. Dif.: PC=0.5 %,  
Z=1.139<1.645, a=0.05 - 
Site 2 
Abs. Dif.: PC=1.65 %,  
Z=2.060>1.645, a=0.05 ↓ 
Site 3 
Abs. Dif.: PC=0.25 %,  
Z=0.232<1.645, a=0.05 - 
Site 4 
Abs. Dif.: PC=0.52 %,  
Z=0.624<1.645, a=0.05 - 
Site 5 
Abs. Dif.: PC=0.6 %,  
Z=0.487<1.645, a=0.05 - 
Site 6 
Abs. Dif.: PC=-1.35 %,  
Z=-1.497<1.645, a=0.05 - 
Number 
Author(s); 
Year; 
Country; 
Outcome 
indicator 
Exposure Quantitative Estimate 
Effect 
on road 
safety 
Site 7 
Abs. Dif.: PC=-0.71 %,  
Z=-1.801<1.645, a=0.05 ↑ 
3 
[ITS] 
Hallmark 
S.L., 
Knickerboc
ker S.; 
Hawkins 
N.; 2013; 
USA 
Mean speed 
[absolute 
difference] 
Installation of 
radar-
activated LED 
speed limit 
signs 
Site 1 
1 month after installation Abs. Dif.: MS=-0.4 mph; a=0.05 ↓ 
12 months after installation Abs. Dif.: MS=-0.6 mph; a=0.05 ↓ 
Site 2 
1 month after installation Abs. Dif.: MS=-5.9 mph; a=0.05 ↓ 
12 months after installation Abs. Dif.: MS=-5.4 mph; a=0.05 ↓ 
Installation of 
a displayed 
vehicle speed 
sign 
Site 3 
1 month after installation Abs. Dif.: MS=-7.6 mph; a=0.05 ↓ 
12 months after installation Abs. Dif.: MS=-5.9 mph; a=0.05 ↓ 
Fraction of 
Vehicles 
Traveling 
Over The 
displayed 
Speed Limit 
[absolute 
difference] 
Installation of 
radar-
activated LED 
speed limit 
signs 
Site 1 
1 month 
after 
installati
on 
5mph≤Speed 
exceedance<10mph 
Abs. Dif.: FV=-7.8 %; a=0.05 ↓ 
10mph≤Speed 
exceedance<15mph 
Abs. Dif.: FV=-11.1 %; a=0.05 ↓ 
Speed 
exceedance≥15mph 
Abs. Dif.: FV=25 %; a=0.05 - 
12 
months 
after 
installati
on 
5mph≤Speed 
exceedance<10mph 
Abs. Dif.: FV=-10.9 %; a=0.05 ↓ 
10mph≤Speed 
exceedance<15mph 
Abs. Dif.: FV=-22.2 %; a=0.05 ↓ 
Speed 
exceedance≥15mph 
Abs. Dif.: FV=-25 %; a=0.05 ↓ 
Site 2 
1 month 
after 
installati
on 
5mph≤Speed 
exceedance<10mph 
Abs. Dif.: FV=-25.3 %; a=0.05 ↓ 
10mph≤Speed 
exceedance<15mph 
Abs. Dif.: FV=-40.3 %; a=0.05 ↓ 
Speed 
exceedance≥15mph 
Abs. Dif.: FV=-52.9 %; a=0.05 ↓ 
12 
months 
after 
installati
on 
5mph≤Speed 
exceedance<10mph 
Abs. Dif.: FV=-18.7 %; a=0.05 ↓ 
10mph≤Speed 
exceedance<15mph 
Abs. Dif.: FV=-37.3 %; a=0.05 ↓ 
Speed 
exceedance≥15mph 
Abs. Dif.: FV=-51 %; a=0.05 ↓ 
Installation of 
a displayed 
vehicle speed 
sign 
Site 3 
1 month 
after 
installati
on 
5mph≤Speed 
exceedance<10mph 
Abs. Dif.: FV=-45.2 %; a=0.05 ↓ 
10mph≤Speed 
exceedance<15mph 
Abs. Dif.: FV=-73.4 %; a=0.05 ↓ 
Speed 
exceedance≥15mph 
Abs. Dif.: FV=-78.9 %; a=0.05 ↓ 
12 
months 
after 
installati
on 
5mph≤Speed 
exceedance<10mph 
Abs. Dif.: FV=-33.3 %; a=0.05 ↓ 
10mph≤Speed 
exceedance<15mph 
Abs. Dif.: FV=-53.1 %; a=0.05 ↓ 
Speed 
exceedance≥15mph 
Abs. Dif.: FV=-71.1 %; a=0.05 ↓ 
4 
[ITS] 
Kay J.J., 
Savolainen 
P.T., Gates 
T.J., Datta 
T.K.; 2014; 
USA 
Buffer 
distance  
[slope]  
Installation of 
bicycle 
warning sign 
with a "share 
the road" 
plaque 
Slope: BD=-0.07, SE=0.05, p=0.211, a=0.05 - 
Crowding 
[slope] 
Slope: C=0.16, SE=0.22, p=0.239, a=0.05 - 
Rightmost 
lane position  
[slope]  
Slope: C=-0.8, SE=0.29, p=0.005, a=0.05 ↓ 
Vehicular 
speed  
[slope] 
Slope: C=-2.5, SE=0.39, p<0.001, a=0.05 ↓ 
5 
[ITS] 
Schattler 
K.L., Gulla 
C.J., 
Wallenfan
Crash 
reduction 
[Percent 
Installation of 
supplemental 
traffic signs 
Naïve 
before 
and after 
study 
drivers of 
all ages 
Left-turn related 
crashes 
Perc.Acc.Red.: CR=21.1, a=0.05 ↓ 
Left-Turn Opposing 
Through crashes 
Perc.Acc.Red.: CR=22.3, a=0.05 ↓ 
Number 
Author(s); 
Year; 
Country; 
Outcome 
indicator 
Exposure Quantitative Estimate 
Effect 
on road 
safety 
g T.J., 
Burdett 
B.A., Lund 
J.A.; 2015; 
USA 
accident 
change] older 
drivers 
[≥65] 
Left-turn related 
crashes 
Perc.Acc.Red.: CR=3.9, a=0.05 - 
Left-Turn Opposing 
Through crashes 
Perc.Acc.Red.: CR=-71.3, 
a=0.05 ↑ 
Empirical 
Bayes 
method 
drivers of 
all ages 
Left-turn related 
crashes 
Perc.Acc.Red.: CR=14.3, a=0.05 - 
Left-Turn Opposing 
Through crashes 
Perc.Acc.Red.: CR=9.87, a=0.05 - 
 
↓ denotes positive road safety effects - denotes unclear or marginal road safety effects 
↑ denotes negative road safety effects * 
denotes that no statistical analysis was conducted for the 
significance of the effects  
 
Table 2 Quantitative results of coded studies for traffic signs and impacts on road safety 
  
3.2 Methodology 
3.2.1 Identifying relevant studies  
In this chapter the literature search that was carried out will be presented separately, for the two 
measures of traffic sign installation and maintenance that were examined in this synopsis. They were 
handled separately until the writing of this synopsis, when it was decided that their merging would 
provide more comprehensive and coherent insights into their effects. 
Measure: traffic signs installation 
Literature search strategy 
The search strategy aimed to identify recent studies concerning the installation of traffic signs. Three 
main databases were consulted: Scholar, TRID and Science Direct. In general, only recent (after 1990) 
journal studies were considered. Several databases were examined in an attempt to locate all relevant 
scientific publications. As with the standards specified for the SafetyCube project, journal or conference 
papers published after 1990 were prioritized over reports. 
Limitations/ Exclusions: 
• Published: 1990 to 2016 
• Document source: ALL, Documents: Articles and papers, reports if needed to complete study 
numbers, Subject area: ALL 
• Language: English 
 
Database: TRID   Date: 9th of December 2016 
search no. search terms / operators / combined queries hits 
#1 Traffic sign 277 
#2 Traffic signs  396 
#3 Installation of traffic sign 15 
#4 Installation of traffic signs 24 
 
Database: Google Scholar   Date: 9th of December 2016 
search no. search terms / operators / combined queries hits 
#1 Traffic sign 1510 
#2 Traffic signs 1150 
#3 Installation traffic sign 3 
#4 Installation traffic signs 7 
 
Database: ScienceDirect   Date: 9th of December 2016  
search no. search terms / operators / combined queries hits 
#1 Traffic sign 652 
#2 Road sign 511 
#3 “Installation traffic signs” OR “Installation Road Signs”  24 
 
3.3 Results Literature Search 
Database Hits 
Google Scholar 2660 
TRID 411 
ScienceDirect 1163 
Total number of studies to screen title 4234 
3.4 Screening 
The abstracts of relevant studies from the initial literature search results were examined to narrow the 
scope and to detect studies that would be more appropriate at a first stage. Those abstracts give hints 
as to whether the full text warrants close examination for coding and inclusion in the project. 
Total number of studies to screen title                                                                                                                                            4234 
Number of articles remaining after screening of the title  
= Total number of studies to screen abstract 
58 
Remaining studies after abstract screening  23 
Total number of studies to screen full text 23 
 
3.5 Eligibility 
Total number of studies to screen full-text 23 
Full-text could be obtained 14 
Reference list examined Y/N Yes (+0 papers) 
Eligible papers prioritized  3 
 
3.6 Prioritizing coding 
- Prioritizing Step A (most recent studies) 
- Prioritizing Step B (Journals over conferences and reports) 
- Prioritizing Step C (Prestigious journals over other journals and conference papers) 
- Prioritizing Step D (Studies from Europe) 
3.7 List of coded studies 
1. HALLMARK S.L., KNICKERBOCKER S., HAWKINS N.; 2013. Dynamic Speed Feedback Signs for 
Rural Traffic Calming. Evaluation of Low Cost Traffic Calming for Rural Communities – Phase 
II. 
2. KAY J.J., SAVOLAINEN P.T., GATES T.J., DATTA T.K.; 2014. Driver behaviour during bicycle 
passing manoeuvres in response to a Share the Road sign treatment. Accident Analysis and 
Prevention n.70, pp.92–99. 
3. SCHATTLER K.L., GULLA C.J., WALLENFANG T.J., BURDETT B.A., LUND J.A.; 2015. Safety 
effects of traffic signing for left turn flashing yellow arrow signals. Accident Analysis and 
Prevention n.75, pp.252–263. 
  
Measure: traffic signs maintenance 
3.8 Literature search strategy 
Limitations/ Exclusions: 
• Published: 1990 to 2016 
• Document source: ALL, Documents: Articles and papers, reports if needed to complete study 
numbers, Subject area: ALL 
• Language: English 
 
Database: TRID   Date: 4th January 2017 
search no. search terms / operators / combined queries hits 
#1 Traffic sign  271  
#2 Traffic Signs  388 
#3 Road signs 199 
#4 Maintenance Traffic sign 27 
#5 Replacement Traffic sign 30 
#6 Maintenance of roads signs 14 
 
Database: Google Scholar   Date: 4th January 2017 
search no. search terms / operators / combined queries hits 
#1 Traffic signs 20200 
#2 Road signs 21600 
#3 Maintenance of Traffic Signs 21 
#4 Replacement Traffic sign 5 
 
Database: ScienceDirect   Date: 4th January 2017 
search no. search terms / operators / combined queries hits 
#1 “Traffic sign” OR “Traffic Signs”  693 
#2 “Road signs” OR “Road signs” 536 
#3 “Maintenance Traffic sign” OR “Replacement traffic signs” 7 
#4 “Maintenance Road sign” OR “Replacement Road Signs”  6 
 
3.9 Results Literature Search 
Database Hits 
Google Scholar 20200 + 21600 
TRID 388 + 199 
ScienceDirect 693 + 536 
Total number of studies to screen title 43616 
 
 
 
3.10 Screening 
Total number of studies to screen title                                                                                                                                            43616 
Number of articles remaining after screening of the title  
= Total number of studies to screen abstract 
83 
Remaining studies after abstract screening  34 
Total number of studies to screen full text 34 
 
 
3.11 Eligibility 
Total number of studies to screen full-text 34 
Full-text could be obtained 21 
Reference list examined Y/N Yes (+3 papers) 
Eligible papers prioritized  3 
 
3.12 Prioritizing coding 
- Prioritizing Step A (most recent studies) 
- Prioritizing Step B (Journals over conferences and reports) 
- Prioritizing Step C (Prestigious journals over other journals and conference papers) 
- Prioritizing Step D (Studies from Europe) 
 
3.13 List of coded studies 
1. CHEN L., CHEN C., EWING R., MCKNIGHT C.E., SRINIVASAN R., ROE M.; 2013. Safety 
countermeasures and crash reduction in New York City—Experience and lessons learned. 
Accident Analysis and Prevention n.50, pp.312– 322. 
2. CLARK K.L., HUMMER J.E., DUTT N.; 1996. Field Evaluation of Fluorescent Strong Yellow-
Green Pedestrian Warning Signs. Transportation Research Record Journal of the 
Transportation Research Board n.1538, pp.39-46. 
3. YUN M., JI J.; 2013. Delay Analysis of Stop Sign Intersection and Yield Sign Intersection Based 
on VISSIM. Procedia - Social and Behavioral Sciences n. 96, pp. 2024 – 2031.  
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1 Summary 
 
 
Tim De Ceunynck, Nathalie Focant (July 2017) 
 
COLOUR CODE 
Light green: Little research was found that directly assesses the influence of Variable Message Signs 
(VMS) on crashes. Usually effects are measured on a behavioural level (mainly speed). Results show 
that VMS can significantly affect drivers’ behaviour. Several studies found that VMS significantly 
reduce driving speed, which is a strong indicator of crash frequency and severity. Therefore, it is 
concluded that VMS likely have a favourable effect on road safety when used in the right conditions 
and using appropriate messages. 
 
1.1 ABSTRACT 
 
Variable Message Signs (VMS) are electronic traffic signs that can be used to deliver various messages 
to passing drivers, such as warnings for adverse weather conditions, incidents, congestion or 
roadwork zones. Various studies were identified that investigated VMS. However, most studies 
investigate drivers’ behavioural adaptations to the VMS rather than the effect on crashes.  
 
Only one study looked into the effects of VMS on crashes (Norouzi, 2012). The results were mixed; a 
comparison of road sections with VMS and without VMS showed no significant results, but a 
comparison of sections with VMS active versus inactive showed a significantly lower crash rate when 
the VMS were active. 
 
Other studies looked into the behavioural effects of VMS, either on the road or in a driving simulator 
experiment. Several studies found that VMS significantly reduce driving speed (Rämä & Kulmala, 
2000; Sui & Young, 2014; Ulfarsson et al., 2001). Rämä & Kulmala (2000) found indications that the 
impact of VMS on driving speed might somewhat reduce over time. Ulfarsson et al. (2001) found 
indications that the deviation in driving speed could increase when VMS are in operation. Yan & Wu 
(2014) found that VMS location and information format have a major influence on the resulting 
behavioural adaptations of drivers. 
 
In general, it can be concluded that VMS significantly affect drivers’ behaviour. When used in the right 
conditions and using appropriate messages, VMS could contribute in a positive way to road safety.  
 
1.2 KEYWORDS  
 
Variable Message Signs, Dynamic Message Signs, intelligent transportation systems, driving speed  
    
 
  
1.3 BACKGROUND 
1.3.1 What are Variable Message Signs (VMS)? 
Variable Message Sign (VMS) present traffic-related information and guidance to drivers through 
electronic signs beside or above the roadway (Chatterjee & Mcdonald, 2004). VMS provide the 
operator the possibility to communicate various information messages in real-time to passing drivers. 
The messages usually consist of short written messages and/or pictograms. VMS are an advanced 
traffic guidance system that is usually intended to warn/inform drivers for various situations and risks, 
such as adverse weather conditions, incidents, congestion or roadwork zones. VMS are particularly 
useful in the event of incidents when traffic conditions are unpredictable to drivers. 
 
It should be noted that Dynamic Speed Limits (DSL – message signs that provide different speed 
limits, depending on traffic and environmental conditions) are not included in this synopsis; DSL are 
the topic of another synopsis (Daniels & Focant, 2017).  
 
1.3.2 Description of the main research methods 
 
Very little research towards VMS has made use of crashes to assess the safety effects. Ususally, 
driving speed and/or other behavioural indicators are used to study the effects of VMS. These 
indicators were either measured on field or in a driving simulator experiment. No meta-analysis is 
available. 
 
1.4 OVERVIEW OF RESULTS 
 
1.4.1 Effects on crashes 
 
Only one study directly investigated the effects of VMS on crashes (Norouzi, 2012). The results were 
mixed; a comparison of road sections with VMS and without VMS showed no significant results, but 
a comparison of sections with VMS active versus inactive showed a significantly lower crash rate when 
the VMS were active. Based on this limited information, the direct effect of VMS on crashes remains 
uncertain. 
 
1.4.2 Effects on behavioural indicators that can be related to road safety 
 
The most commonly studied safety-relevant behavioural indicator is mean speed. Ulfarsson et al. 
(2001) and Sui & Young (2014) found that VMS significantly reduce mean speed. Rämä & Kulmala 
(2000) found a significant reduction in mean speed at two research sites, but a significant increase in 
mean speed at the third research site. Generally, these findings indicate that VMS likely lead to a 
reduction in mean speed, which has an expected favourable effect on road safety. Rämä & Kulmala 
(2000) find indications that the impact of VMS on driving speed might somewhat reduce over time 
after the installation. 
 
One study by Ulfarsson et al. (2001) looked into the effects of VMS on deviation of speed as well. They 
found that there is a significantly higher deviation of speed when VMS are active vs. when they are 
inactive. An increase in deviation of speed might have a negative effect on road safety. 
 
Yan & Wu (2014) investigated the effect of the location and format of the VMS messages on a number 
of behavioural indicators in a driving simulator study. They found that the position of the signs and 
the message format can have significant effects on various safety-relevant behavioural indicators. 
  
 
1.4.3 Effects of VMS at non-treatment sites and during inactivity 
 
The results of two studies (Rämä & Kulmala, 2000; Ulfarsson et al., 2001) suggest that there are no 
measurable effects at non-treatment sites or when VMS are not active, but Sui & Young (2014) found 
that drivers not only reduce their speed at the VMS location itself, but continue to reduce their speed 
over a substantial distance downstream of the VMS’ location as well. 
 
1.4.4 Other effects 
 
It has been shown that VMS can be very effective in influencing route choice (Chatterjee & Mcdonald, 
2004). 
 
 
 
 
  
  
2 Scientific overview 
 
 
 
2.1 ANALYSIS OF STUDY DESIGN AND METHODS 
 
Quite some studies have been identified that investigated effects of VMS. Nevertheless, the number 
of studies that could be used to assess the road safety impact of VMS appeared to be relatively 
limited. Particularly studies that assess the influence of VMS on crashes appear to be in short supply, 
a master thesis by Norouzi (2012) being an exception.  
 
Many publications investigated the effects of VMS on route choice and other mobility-related 
parameters such as diversion rate, reduction of total delay. Since such indicators cannot be directly 
linked to the safety impact of VMS, such publications are beyond the scope of this synopsis.  
 
In the absence of a sufficient amount of publications that directly investigated the effect of VMS on 
crashes, studies have been selected that asses the effect of VMS on behavioural indicators that can 
be reasonably assumed to have a relation to the risk of crashes. Through such indicators, the safety 
effects of VMS are assessed in an indirect way. Three relevant publications were identified that made 
used of real-world observations (Rämä & Kulmala, 2000; Sui & Young, 2014; Ulfarsson et al., 2001). 
The study by Rämä & Kulmala (2000) made use of a before-after study design with controls, while 
both other studies made use of an observational design. All three studies measure the effects on mean 
speed. In addition, Ulfarsson et al. (2001) investigate the effect on deviation of speed, Sui & Young 
(2014) analyse the effect on the continuation of speed reduction after the VMS sign, and Rämä and 
Kulmala (2000) measure the effect on the percentage of short headways.  
 
The study by Yan & Wu (2014) applies an experimental driving simulator design. Various behavioural 
indicators are applied to assess the behavioural effects of VMS for different types of messages (text 
only, graphics only, and text and graphics combined) at different locations (400 m, 200 m and 0 m 
before a signalized intersection).  
 
The design of the included studies seems fairly robust, and confounding factors such as weather 
conditions seem adequately accounted for. 
 
  
  
Table 1 Information on sample and design of coded studies. 
Author(s), 
year, country  
Measure description 
and sample 
Study design Types of location 
included 
Outcome indicators 
Norouzi, 2012, 
United States 
- Effects of presence of 
VMS on crashes  
- 70 geometrically 
homogeneous 
segments with a 
length of 900 feet 
each 
- Various messages 
 
- Cross-sectional study 
design; comparison of 
road sections with vs. 
without VMS, and VMS 
on vs. off on the same 
section 
- Interstate 95 highway 
Maryland 
- Two lanes per 
direction  
- Number of crashes 
- Crash rate (per million 
vehicles) 
Rämä & 
Kulmala, 2000, 
Finland 
- Effects of presence of 
VMS on behaviour at 
3 sites (six 
experimental sign 
conditions)  
- Warning sign for 
slippery road 
conditions 
- Before-after study with 
controls;  
- Real-world 
measurements 
- Speed limit 80 km/h - Mean speed 
- Percentage of short 
headways 
Sui & Young, 
2014, United 
States 
- Effects of  various 
VMS messages on 
speed at 13 sensor 
locations 
- Wide range of 
messages 
- Observational design 
with controls;  
- Real-world 
measurements 
- Interstate 80, 
Southeastern 
Wyoming 
- Mean speed 
- Continuation of speed 
reduction after VMS 
sign  
Ulfarsson et al., 
2001, United 
States 
- Effects of VMS on 
speed at 2 locations  
- Messages related to 
adverse conditions 
- Observational design 
with controls:  
- Real-world 
measurements 
- Interstate 90, 
Snoqualmie Pass 
through Cascade 
mountain range 
- Rural location with 
high elevations and 
high levels of 
precipitation 
- Mean speed 
- Deviation of speed 
Yan & Wu, 
2014, China 
- Effects of various 
VMS messages at 
various locations on 
behaviour 
- 52 participants 
- Congestion warning 
messages 
- Experimental design 
- Driving simulator 
study 
- Simulated four-lane 
road segments with 
80 km/h speed limit 
and signalized 
intersections 
- Lane changing time 
- Lane changing 
position 
- Lane changing length 
- Lane changing speed 
- Lane changing 
deceleration 
 
2.2 OVERVIEW OF STUDY RESULTS 
 
Five key studies establishing the effects of VMS have been identified, coded, analysed and 
summarized. Most of these studies made use of non-crash indicators to (indirectly) assess the effects 
of VMS on road safety. Given the small number of studies and the heterogeneity of applied research 
methods, a review-type analysis was conducted for the main effects of each of the coded studies. 
Table 2 presents a summary of the key findings of each study. For reasons of brevity and clarity, a 
simplified representation of the results of some of the results was considered advisable. For full 
details, the interested reader is referred to the filled in codebooks of the respective publications. 
 
  
  
2.2.1 Effects on crashes 
 
A master thesis by Norouzi (2012) investigated the effects of VMS on crashes. Two comparisons 
between VMS and no VMS showed no significant effect on crashes and crash rate. A comparison of a 
number of locations between VMS that are active and VMS that are inactive shows a significant 
reduction in crash rate when VMS are active. Based on this limited information, the direct effect of 
VMS on crashes remains uncertain.  
 
2.2.2 Effects on behavioural indicators that can be related to road safety 
 
The most commonly studied behavioural indicator that can be related to road safety is mean speed. 
Ulfarsson et al. (2001) and Sui & Young (2014) found that VMS significantly reduce mean speed. Rämä 
& Kulmala (2000) found a significant reduction in mean speed at two research sites, but a significant 
increase in mean speed at the third research site. Generally, these findings indicate that VMS likely 
lead to a reduction in mean speed. Since research indicates strong correlations beween driving speed 
and crash risk as well as crash severity (Aarts & van Schagen, 2006; Elvik, Christensen, & Amundsen, 
2004; Nilsson, 2004), a reduction in mean speed is expected to have favourable effects on road safety. 
This favourable effect might be stronger than expected, given the fact that VMS often provide 
information to road users in potentially risky situations, such as adverse weather conditions, traffic 
incidents, etc. Sui & Young (2014) find stronger reductions in observed speeds for more severe 
warning messages compared to less severe warning messages. Rämä & Kulmala (2000) find 
indications that the impact of VMS on driving speed might somewhat reduce over time after the 
installation.  
 
Ulfarsson et al. (2001) investigated the effects of VMS on deviation of speed as well. They found that 
there is a significantly higher deviation of speed when VMS are active vs. when they are inactive. While 
the impact of deviation of speed on crashes is less researched than the impact of mean speed on 
crashes, it is usually assumed that a higher deviation of speed, which indicates a higher heterogeneity 
in the traffic flow, is unfavourable for road safety (Aarts & van Schagen, 2006). It should however be 
mentioned that empirical analyses by Salusjärvi (1990) indicate that small increases on the deviation 
of speed were not found to have a measurable effect on the number of crashes.  
 
Rämä & Kulmala (2000) found some indications of a favourable effect on the percentage of short 
headways as well, although it must be mentioned that the majority of significant effects were found 
at one treatment site that in the after period not only had VMS installed but also a static (non-VMS) 
sign that provided a recommendation of a minimum headway. It can therefore not be concluded that 
VMS have a significant influence on headways. 
 
Yan & Wu (2014) investigated the effect of the location and format of the VMS messages on a number 
of behavioural indicators. They found that the position of the message has a significant effect on lane 
changing deceleration; generally it seemed that an earlier delivery of the message leads to less strong 
lane changing decelerations. They also found that the information format has a significant effect on 
lane changing position, lane changing length and lane changing speed. Generally it seems that 
graphic information formats have more favourable effects than text only formats. 
 
2.2.3 Effects of VMS at non-treatment sites and during inactivity 
 
Rämä & Kulmala (2000) found no significant differences in driving speed between the before 
condition (no VMS) and the after condition where the VMS were inactive. Similarly, Ulfarsson et al. 
(2001) found no significant difference in driving speed at (non-treatment) locations downstream of 
  
VMS sites between the VMS active and the VMS inactive condition. The results of both studies 
therefore suggest that there are no measurable effects at non-treatment sites or when the VMS are 
not active.  
 
On the other hand, Sui & Young (2014) find that drivers not only reduce their speed at the VMS 
location itself, but continue to reduce their speed over a substantial distance downstream of the VMS’ 
location as well. 
 
2.2.4 Other effects 
 
This synopsis has focused on the effects of VMS that can be reasonably assumed to have a relation to 
the risk of crashes. However, literature indicates that VMS have other effects on traffic as well, mostly 
related to route choice. A review by Chatterjee & McDonald (2004) indicates that VMS that are used 
for route guidance information can induce substantial diversions when the provided route advice 
differs from that given normally. Travel time information was found to be effective in inducing route 
changes as well. In general, it is concluded that deployments of VMS to inform drivers of traffic 
conditions have proved successful in terms of improving network travel times and reducing 
environmental impacts.  
 
Table 2 Summary of study results.  
Authors and 
country 
Dependant / outcome 
type 
Further specification of sites, measure or condition Impact on road safety 
Norouzi, 
2012, United 
States 
Crashes  VMS vs. no VMS  / 
Crash rate  VMS active vs. no VMS (section immediately after VMS) / 
Crash rate VMS switched on vs. VMS switched off ↗ 
Rämä & 
Kulmala, 
2000, Finland 
mean speed VMS (various sign conditions for each of 3 treatment sites) 
vs. no VMS (before situation) 
↗↗↗↗↗↗↗↗↗↗↗
↗↗↗↗↗↗↗↘↘↘↘ 
VMS (not active) vs. no VMS (before situation) ///// 
Percentage of short 
headways 
VMS (various sign conditions) vs. no VMS (before situation)  ↗↗////↗↗///↗↗
↗//// 
Sui & Young, 
2014, United 
States 
Mean speed 3 levels of severity conditions vs. no message ↗↗↗ 
Continuation of speed 
reduction after VMS 
/ ↗ 
Ulfarsson et 
al., 2001, 
United States 
Mean speed VMS site – VMS on vs. VMS off ↗↗ 
Non-VMS site (downstream of VMS) – VMS on vs. VMS off / 
Deviation of speed VMS site – VMS on vs. VMS off ↘↘ 
Non-VMS site (downstream of VMS) – VMS on vs. VMS off / 
Yan & Wu, 
2014, China 
5 behavioural indicators 
(see table 1) 
VMS location – earlier vs. later delivery of message ////↗ 
VMS information format – better vs. inferior message 
format 
/↗↗↗/ 
 
2.3 TRANSFERABILITY 
 
The small sample sizes, high level of heterogeneity in the applied research methods and in the found 
results limit the transferability of the study results. It should be mentioned that all studies that made 
use of real-world measurements were conducted on rural road sections. Transferability of the results 
to other types of locations is not possible.  
 
  
In addition, three of the studies were each conducted at a particular interstate road in the United 
States. Only one study took place in Europe, so transferability of the study results to the European 
context remains somewhat uncertain. 
 
2.4 CONCLUSION 
 
It is not possible to be conclusive about the road safety effects of VMS since very few studies directly 
measured the effect of VMS on crashes. The only study that made use of crash data remained 
inconclusive on the effects of VMS on crashes. Most of the selected studies made use of behavioural 
indicators (mostly speed), that have a more indirect link with safety.  
 
Results show that VMS can significantly affect drivers’ behaviour in various ways. The majority of 
behavioural measurements indicated expected effects that could be favourable to road safety. Most 
importantly, several studies found that VMS significantly reduce driving speed, which is a strong 
indicator of crash frequency and severity. Therefore, it is concluded that VMS likely have a favourable 
effect on road safety when used in the right conditions and using appropriate messages. 
  
3 Supporting document 
 
 
3.1 METHODOLOGY 
3.1.1 Literature search strategy  
 
Principles 
Note that this search was executed simultaneously for Variable Message Signs, Dynamic Speed 
Display signs and Variable Speed Limits. This synopsis only deals with Variable Message Signs; the 
latter two topics are the subject of two other SafetyCube synopses.  
 
Excluded: 
• Publications related to Dynamic Speed Display signs and Variable Speed Limits 
• Messages in workzones or related to railroad 
• Message within vehicles, on-board traffic messages 
• Driver, environmental or infrastructural factors affecting understandability / comprehension 
of the message 
• Factors affecting  driver’s compliance to the messages 
• Publications that do not include crash analyses or analyses of drivers’ behaviour that could be 
related to safety 
• Traffic diversion and route choice behaviour 
• Animal advisory messages (during seasonal animal movement) 
• Parking guidance system 
• Visibility/readability/legibility of the message; viewing comfort ; text layout ; display format ; 
impact of bilingual messages. However, studies towards the content of the message are 
included 
• Driver’s opinion, driver’s satisfaction 
• Energy efficiency, composition/materials  
• Environmental effect/impact 
• Implementation guidelines 
 
Research terms and hits  
Database: ScienceDirect   Date: 3rd February 2017 
 
Limitations/ Exclusions: 
• Search field: TITLE-ABS-KEY 
• Published: 1990 to current 
• Document Type: ALL 
 
search 
no. 
search terms / operators / combined queries hits 
#1 TITLE-ABSTR-KEY("variable message sign*") and TITLE-ABSTR-KEY(effectiveness or "road 
safety" or "efficiency" or "impact" or "effect") 
45 
#6 TITLE-ABSTR-KEY("dynamic message sign*") and TITLE-ABSTR-KEY(effectiveness or 
"road safety" or "efficiency" or "impact" or "effect"). 
3 
  
#2 TITLE-ABSTR-KEY("dynamic speed*" or "variable speed limit*") and TITLE-ABSTR-
KEY((effectiveness or "road safety" or "efficiency" or "impact" or "effect")) 
69 
#3 TITLE-ABSTR-KEY(weather and "variable speed*") and TITLE-ABSTR-KEY(((effectiveness 
or "road safety" or "efficiency" or "impact" or "effect"))). 
9 
#4 TITLE-ABSTR-KEY(weather and "dynamic speed*") and TITLE-ABSTR-KEY(effectiveness or 
"road safety" or "efficiency" or "impact" or "effect"). 
2 
#5 TITLE-ABSTR-KEY(weather and "message sign*") and TITLE-ABSTR-KEY(effectiveness or 
"road safety" or "efficiency" or "impact" or "effect") 
4 
 
Database: Scopus Date: 6th February 2017 
 
Limitations/ Exclusions: 
• Search field: Abstract, title, keywords 
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Misokefalou E, 
Papadimitriou F, 
Kopelias P, Eliou 
N,  
Evaluating Driver Distraction Factors 
in Urban Motorways. A Naturalistic 
Study Conducted in Attica Tollway, 
Greece 
2016 Greece Y 
No - Transportation 
Research Procedia 
VMS (no precision) 
+  
factors related to the driver (age, 
gender, driving experience) 
Driver’s distraction Yes No Maybe No 
Mostafa, Said, 
Osman, Gadallah 
Effectiveness of variable message 
signs in improving the road network 
through route guidance 
2016 Egypt Y 
No - 2016 Annual 
Conference of the 
Canadian Society for 
Civil Engineering  
choice of two alternative routes  (one 
of these routes was congested and to 
use an alternative route) 
Diversion 
rate/route choice  
Yes Yes No No 
Fallah Zavareh M., 
Mamdoohi A.R., 
Nordfjærn T. 
The effects of indicating rear-end 
collision risk via variable message 
signs on traffic behaviour 
2016 Iran Y 
Yes - Transportation 
Research Part F 
messages containing 
risk level information 
Behaviour (speed, 
time to collision 
and safety margin) 
No – type of 
messages are off-
topic 
Yes  No 
Li M., Lin X., He F., 
Jiang H. 
Optimal locations and travel time 
display for variable message signs 
2016 US Y 
Yes - Transportation 
Research Part C 
  No - develops a 
network equilibrium 
model 
 No  No 
Gan H., Ye X. 
Whether to enter expressway or not? 
the impact of new variable message 
sign information 
2015 China Y 
Yes – Journal of 
advanced 
transportation 
Travel time of both an expressway 
route and an alternate arterial road 
route. 
+ influencing factors 
Diversion/route 
choice 
Yes Yes No No 
Sharples, Shalloe, 
Burnett, Crundall,  
Journey decision making: the 
influence on drivers of dynamic 
information presented on variable 
message signs 
2015 UK Y 
Yes - Cognition, 
Technology and 
Work 
Severe weather , Safety and 
information messages,  Incident 
warning messages 
Behaviour (speed, 
route choice) 
Little – emphasis on 
differences between 
different measures 
Yes Little  No 
Kim S., Choi J., 
Jeong S., Tay R. 
Effects of variable message sign on 
driver detours and identification of 
influencing factors 
2014 
South 
Korea 
Y 
Yes - IET Intelligent 
Transport Systems 
VMS incident-related traffic 
information 
+  
influencing factors (additional travel 
time, traffic, distance to a detour road) 
Diversion/route 
choice 
Yes Yes No No 
Ouyang X.-J., 
Zhang X., Wang H. 
Effect evaluation and modeling of 
variable message signs on route 
choice behavior 
2014 China Y 
Yes - Applied 
Mechanics and 
Materials 
red/yellow guidance 
information 
+ influencing factors 
(driver's personal property, travel 
attribute and attribute) 
Diversion/route 
choice 
Yes No No No 
Sui Y., Young R. 
Impact of dynamic message signs on 
speeds observed on a rural interstate 
2014 USA Y 
Yes - Journal of 
Transportation 
Engineering 
real-time travel 
information ( congestion, crashes, 
adverse weather) 
Speed Yes Yes Yes Yes 
Yan X., Wu J. 
Effectiveness of variable message 
signs on driving behavior based on a 
driving simulation experiment 
2014 China Y 
Yes - Discrete 
Dynamics in Nature 
and Society 
VMS (no precision) 
+  
influencing factors (Driver 
characteristics, VMS location, and 
information format) 
Behaviour in 
driving simulator 
(route choice, 
speed, lane 
changing)  
Yes Yes Yes Yes 
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Zhou Y.-F., Jia S.-
P., Guan W., Liu S. 
Evaluation on traffic congestion 
mitigation in beijing with variable 
message signs 
2014 China Y 
Yes – Journal of 
Transportation 
Systems Engineering 
and Information 
Technology 
guidance message vs notice message mitigation of 
congestion 
No Not sure No No 
Edara P., Sun C., 
Keller C., Hou Y. 
Evaluation of dynamic message signs 
on rural freeways: Case study of a full 
freeway closure 
2014 USA Y 
Yes - Journal of 
Transportation 
Engineering 
Route closure VMS benefits of DMSs 
in diverting 
traffic during full 
freeway closures. 
(travel time 
savings + 
monetary benefits) 
No  
 
No No No 
Ratrout N.T., Issa 
Y.F. 
Effectiveness of newly introduced 
variable message signs in Al-Khobar, 
Saudi Arabia 
2014 
Saudi 
Arabia 
Y 
Yes - Intelligent 
Transportation 
Systems 
messages related to traffic conditions 
(proposition of alternative route) 
+ influencing factor (reason of the 
proposition, driver’s age) 
Diversion/route 
choice (declared) 
Yes Yes No No 
Norouzi A., 
Haghani A., 
Hamedi M., 
Ghoseiri K. 
Impact of Dynamic Message Signs on 
occurrence of road accidents 
2013 USA Y 
No - master thesis DMS (no precision) Crashes Yes Yes Yes Yes 
Guattari C., 
Rosaria De Blasiis 
M., Calvi A. 
The Effectiveness of Variable Message 
Signs Information: A Driving 
Simulation Study 
2012 Italy Y 
No - Procedia - Social 
and Behavioral 
Sciences 
Message’s format/complexity, 
Understanding of the DMS 
speed and lateral 
position 
No – too much about 
message content 
alone 
Yes Yes No 
Kusakabe T, 
Sharyo T, Asakura 
Y  
Effects of Traffic Incident Information 
on Drivers’ Route Choice Behaviour in 
Urban Expressway Network 
2012 Japan Y 
No - Procedia - Social 
and Behavioral 
Sciences 
Traffic Incident Information 
 
Diversion/route 
choice 
+ estimatation of 
travel time 
No Not sure No No 
Murashige Y.,  
Countermeasure Strategies against 
Traffic Congestion on Motorways in 
Japan 
2011 Japan Y 
No - Procedia - Social 
and Behavioral 
Sciences 
  No No  No 
Høye et al. 
Evaluation of variable message signs 
in Trondheim  
2011 Norway Y 
No - English 
summary of TØI 
report in Norwegian 
VMS on travel times, road safety and 
the environment 
Travel time, 
crashes, , route 
choice 
Yes No  No 
Chen X., Kong T., 
Xie D. 
Evaluation of variable message signs 
on urban expressway 
2010 China Y 
No - 2010 
International 
Conference on 
Logistics Engineering 
and Intelligent 
Transportation 
Systems 
  Yes No  No 
Tay R., De Barros 
A. 
Effectiveness of road safety messages 
on variable message signs 
2010 Canada Y 
Yes - Journal of 
Transportation 
Anti-speeding messages Driver attitudes 
and traffic speed 
No – sensitization  Yes  No 
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Systems Engineering 
and Information 
Technology 
Shang H., Huang 
H., Gao Z. 
Impacts of variable message signs on 
traffic congestion 
2009 ? Y 
Yes - Science in 
China Series E 
Technological 
Sciences 
  No - Theoretical 
model  
No No No 
Wang, JH.; Keceli, 
M. Maier-
Speredelozzi, V.  
Effect of Dynamic Message Sign 
Messages on Traffic Slowdowns 
2009 USA Y 
No - 88th Annual 
Meeting of the 
Transportation 
Research Board 
various DMS messages speed variations on 
traffic approaching 
and passing the 
signs (slow-downs) 
Yes No Yes No 
Roshandeh A.M., 
Puan O.C. 
Assessment of impact of variable 
message signs on traffic surveillance in 
Kuala Lumpur 
2009 Malaisia Y 
No - 2010 
International 
Conference on 
Logistics Engineering 
and Intelligent 
Transportation 
Systems 
display messages of 
varying lengths and formatting. 
Congestion / Driver 
response 
Yes No, few 
detailed 
results 
Little  No 
Lee C., Abdel-Aty 
M. 
Testing effects of warning messages 
and variable speed limits on driver 
behavior using driving simulator 
2008 ? Y 
Yes - Transportation 
Research Record: 
Journal of the 
Transportation 
Research Board 
variable message signs (VMSs) that 
warn of an impending speed change 
Speed (variation) 
in driving simulator 
No, type of messages 
are off-topic 
Yes Yes No 
Chen et al.   
Effects of Variable Message Signs 
(VMS) for Improving Congestions 
2008 China Y 
No - 2008 
International 
Workshop on 
Modelling, 
Simulation and 
Optimization 
  Yes No  No 
Erke A., Sagberg 
F., Hagman R. 
+ 
Erke 
Effects of route guidance variable 
message signs (VMS) on driver 
behaviour 
+ 
EFFECTS OF VARIABLE MESSAGE 
SIGNS (VMS) ON DRIVER 
ATTENTION AND BEHAVIOUR 
2007 
+ 
2006 
Norway Y 
No - TOI report 
(Association for 
European Transport 
and contributors 
2006) 
route guidance Variable Message 
Signs (closed route, alternative route) 
Route choice, 
speed and braking 
behaviour 
Yes No Yes No 
Shuyan H., Wei G. 
Evaluation of the effects of variable 
message signs at urban traffic network 
2006 China Y 
No - ICIT 2006. IEEE 
International 
Conference on 
Industrial 
Technology 
  Yes No No - time-
dependent 
traffic 
assignment 
model 
No 
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Scientific journal? Impact of … On… Relevant? Codable
? 
Crashes or 
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Chatterjee K., 
McDonald M. 
Effectiveness of using variable 
message signs to disseminate 
dynamic traffic information: Evidence 
from field trails in european cities 
2004 Europe Y 
Yes - Transport 
Reviews 
  Yes No No No 
Levinson, David; 
Huo, Hong.  
EFFECTIVENESS OF VARIABLE 
MESSAGE SIGNS. 
2003 USA Y 
No - Transportation 
Research Board 
Conference, January 
12 – 16 2003 
Washington DC 
effectiveness of VMS on route 
guidance 
Diversion rate, 
travel time saving, 
reduction of total 
delay 
No Not sure No No 
Srinivasan K.K., 
Krishnamurthy A. 
Roles of Spatial and Temporal Factors 
in Variable Message Sign 
Effectiveness under Nonrecurrent 
Congestion 
2003 ? Y 
No - TRB 2003 
Annual Meeting 
VMS (vs In-Vehicle Devices) network 
performance 
No - spatial and 
temporal network 
dynamics induced by  
VMS 
No No No 
Chatterjee K, N.B 
Hounsell, P.E 
Firmin, P.W 
Bonsall,  
Driver response to variable message 
sign information in London 
2002 UK Y 
Yes - Transportation 
Research Part C 
Different messages 
+ Influencing factor (driver, journey 
and message characteristics) 
Route choice Yes Yes No No 
Lam W.H.K., Chan 
K.S. 
A model for assessing the effects of 
dynamic travel time information via 
variable message signs 
2001 
Hong 
Kong 
Y 
Yes - Transportation   No - traffic 
assignment model  
 
Not sure No No 
Ulfarsson et al. TRAVELAID 2001 USA Y 
No - Research Office,  
Washington State 
Department of 
Transportation, 
research report 
weather and 
roadway information 
Speed, crashes 
(number and 
severities) 
Yes  
 
Yes Yes Yes 
Luoma J., Rämä P., 
Penttinen M., 
Anttila V. 
Effects of variable message signs for 
slippery road conditions on reported 
driver behaviour 
2000 Finland Y 
Yes - Transportation 
Research Part F 
Traffic Psychology 
and Behaviour 
VMS for slippery road Behaviour Yes No No - 
interviews 
No 
Rämä, P., & 
Kulmala, R. 
Effects of variable message signs for 
slippery road conditions 
on driving speed and headways 
2000 Finland Y 
Yes - Transportation 
Research Part F 
Traffic Psychology 
and Behaviour 
VMS for slippery road Mean speed, time 
headway 
Yes Yes Yes Yes 
Kraan M., Van Der 
Zijpp N., Tutert B., 
Vonk T., Van 
Megen D. 
Evaluating networkwide effects of 
variable message signs in the 
Netherlands 
1999 
Netherlan
ds 
Y 
Yes - Transportation 
Research Record: 
Journal of the 
Transportation 
Research Board 
seven new route information VMS’s Route choice, 
Congestion, traffic 
performance, 
travel time/delay, 
user acceptance 
No – evaluation of 
extra VMS to already 
existing VMS 
 
Yes No No 
Hounsell N.B., 
Chatterjee K., 
Bonsall P.W., 
Firmin P.E. 
Variable Message Signs in London: 
Evaluation in CLEOPATRA 
1998 UK Y 
No - Road Transport 
Information and 
Control, 21-23 April 
1998, Conference 
Evaluation of aspects of VMS 
installations in inner London 
 Yes No  No No 
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Emmerink RHM, 
Nijkamp P, 
Rietveld P, Van 
Ommeren JvN 
Variable message signs and radio 
traffic information: An integrated 
empirical analysis of drivers' route 
choice behaviour 
1996 
Netherlan
ds 
Y 
Yes - Transportation 
Research Part C 
traffic information and variable 
message sign information 
+ influencing factors 
route choice Yes Yes No No 
Yim, Y.; Ygnace, 
JL. 
VARIABLE MESSAGE SIGNS AND 
LINK FLOW EVALUATION: A CASE 
STUDY OF THE PARIS REGION. 
1995 France Y 
No - California PATH 
Working Paper 
SIRIUS System Traffic 
management, 
Route choice, 
traffix flow,  
Maybe No No No 
Basbas, S.; Mintsis, 
G.; Taxiltaris, C.; 
Betos, A.; 
Kyriazopoulos, D.; 
Nikolaidis, M.;  
Evaluation of the Variable Message 
Signs (VMS) System in the Central 
Area of Thessaloniki from the User 
Point of View. 
2014 Greece N 
       
Bullough, JD; 
Brons, JA; Skinner, 
NP.  
Preliminary Evaluation of Dynamic 
Speed Displays with Conditional 
Messaging. 
2014 ? N 
       
Ahmed, K.; Al-
Zoubi, K.; 
Zaneldin, E.;  
Evaluation of Effectiveness of Portable 
Variable Message Signs in Reducing 
Speed on Rural Highway in Abu Dhabi 
Emirate, UAE. 
2013 
United 
Arab 
Emirates 
N 
       
Shao C.-F., Dong 
C.-J., Zheng C.-Q., 
Qiao L. 
Evaluation model of variable message 
signs information service 
2010 China N 
       
Xi C., Xiaojing W., 
Jisheng Z. 
Research on the impact of new 
variable message sign on route choice 
in Beijing 
2010 China N 
       
Hatsuki M. 
Sustained effects of increasing queue 
discharge flow rate by using the 
variable message signboard 
2010 Japan N 
       
Collura, J.; Fisher, 
D.  
Evaluation of Dynamic Message Sign 
Deployments and their Effects on 
Older Drivers.   
2009 USA N 
       
Keceli M., Wang J.-
H. 
A study on the cause and effect of 
slow-downs due to dynamic message 
signs 
2008 USA N 
       
Xing et al. 
Mitigation of expressway traffic 
congestion with simple variable 
message sign 
2007 Japan N 
       
Swinea, J D; 
Verbrugge, D.  
The signs are all there [evaluation of 
different types of variable message 
signs]. 
2002 ? N 
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Scientific journal? Impact of … On… Relevant? Codable
? 
Crashes or 
relevant 
indicators ? 
Include ? 
Lee, C; Ran, B; 
Barrett, B; 
Johnson, E.  
EVALUATION OF THE DRIVER 
DECISION-MAKING PROCESS BASED 
ON A VARIABLE MESSAGE SIGNS 
(VMS) SURVEY. 
2002 ? N 
       
Ulfarsson, GF; 
Shankar, VN; Vu, P  
THE EFFECT OF VARIABLE MESSAGE 
SIGNS ON THE RELATIONSHIP 
BETWEEN MEAN SPEEDS AND 
SPEED DEVIATIONS. 
2002 Usa N 
       
  
PROGRAMME FOR ROAD 
INFORMATICS: EVALUATION OF 
VARIABLE MESSAGE SIGNS 
1997 Sweden N 
       
Cohen, S; Haj-
Salem, H.  
Comparative evaluation of queue 
length and travel time displays on 
variable message signs: the 
experience of the city of Paris. 
1996 France N 
       
Frybourg, Michel; 
Orselli, Jean.  
EVALUATION MONETAIRE DE 
L'INFORMATION SUR LES PMV DE 
SIRIUS EST [AN ECONOMIC 
EVALUATION OF VARIABLE 
MESSAGE SIGN INFORMATION 
WITHIN THE SIRIUS EST PROJECT]. 
1996 France N 
       
Yim Y. Ygnace JL. 
Flow evaluation using loop detector 
data: traveler response to variable-
message signs 
1996 France N 
       
Cohen, S.  
TRAVEL TIME DISPLAYS ON 
VARIABLE MESSAGE SIGNS: WHAT 
EFFECT ON ROAD TRAFFIC AND 
SAFETY? THE EXPERIENCE OF THE 
CITY OF PARIS. ROADSAFE '96. 
INFLUENCES AFFECTING ROAD 
USER BEHAVIOUR. 
1996 France N 
       
Yim, Y; Ygnace, J -.  
SIRIUS evaluation project: variable 
message signs and traffic behaviour. 
1994 France N 
       
Upchurch, J E.  
EVALUATION OF VARIABLE 
MESSAGE SIGNS.   
1991 ? N 
       
  Evaluation of Dynamic Speed Signs.   ? ? N        
 
Evaluation of Weather Based Variable 
Speed Limit Systems.   
? USA N 
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1 Summary 
1.1 COLOUR CODE 
Grey:  no conclusion possible because too little is known about the eventual outcomes on traffic 
safety.  
 
1.2 KEY WORDS 
Co-operative systems, Vehicle-to-Infrastructure, V2I, Infrastructure-to-vehicle, I2V, Field Operational 
Test, FOT, Intersection Advanced Driver Assistance Systems, I-ADAS. 
 
1.3 ABSTRACT 
Vehicle to Infrastructure (V2I) schemes use real-time two-way communication between vehicles and 
infrastructure with the goal of realising safety, mobility, and environmental benefits. Examples of 
reported applications include stop sign violation warning, railroad crossing violation warning, real-
time weather information, oversize vehicle warning, incident and congestion warning. Most of the 
applications are currently in a state of development, with sometimes not more than prototypes and 
trial versions available. The amount of available sources for summarising study results is therefore 
currently still very limited. With a growing number of applications it is likely that this number will 
increase during the next few years. However, at present no meta-analyses or even any comprehensive 
real-world evaluation studies are available. The available study results show that V2I-measures have 
some potential to reduce crash risks as they may affect some indirect safety indicators, but too little is 
known about the eventual outcomes on the level of traffic safety. Due to the heterogeneity of 
applications, results will not necessarily be transferable from one V2I system to another. 
 
 
1.4 BACKGROUND 
 
What are V2I? 
Vehicle to Infrastructure (V2I) technologies encompass the use of wireless technologies to achieve 
real-time two-way communication between vehicles and infrastructure with the goal of realising 
safety, mobility, and environmental benefits (OECD/ITF, 2015; Richard et al., 2015). V2I must not, 
therefore, be seen as a single traffic safety measure, but consists of a family of applications.  
Examples of reported applications include stop sign violation warning, railroad crossing violation 
warning, real-time weather information, congestion and incident warning, oversize vehicle warning 
and reduced speed zone warning (Farah et al., 2012; Kanazawa et al., 2012; Stephens et al, 2013). 
Most of the applications are currently in an early or advanced state of development with some 
prototypes and trial versions available.  
The general framework for the connected vehicle V2I safety applications includes both vehicle and 
infrastructure (roadside) application platforms that house the vehicle and roadside components of 
the V2I safety applications respectively.  
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How can V2I schemes affect road safety?  
The purpose of these safety applications is to provide more robust and reliable alerts and warnings to 
drivers on the road and/or in equipped vehicles. The underlying assumption is that better or earlier 
alerted drivers react more adequately to specific traffic circumstances. Some applications extend the 
warnings with automatically initiated vehicle reactions such as braking.  
 
How have the effects of V2I schemes on road safety been studied? 
One study assessed the effect on crashes by means of a simulation (Scanlon et al., 2017). Other 
research has been regularly done through Field Operational Tests in which behavioural outcomes 
were assessed such as driving speeds, accelerations, decelerations and following distance. One study 
also assessed physiological measures (heart rate and looking behaviour) (Farah et al., 2012). None of 
the available studies assessed the effect of a V2I scheme based on historical crash data.  
 
1.5 OVERVIEW OF RESULTS  
 
Results of effect estimates 
Available studies apply to various V2I applications including a congestion/incident warning system, a 
curvature warning system and a system that helps drivers to safely navigate intersections.  
The results show that V2I-measures potentially reduce crash risks, as they turned out to affect some 
indirect safety indicators. Farah et al. (2012) and Farah & Koutsopoulos (2014) found favourable 
results in terms of speeds, following gaps, and physiological measurements. The system was also well 
accepted by the involved drivers. Kanazawa et al. (2012) reported small driving speed reductions and 
earlier decelerating actions in case of an active curve warning system. Scanlon et al. (2017) reported a 
potential to prevent crashes and injuries for straight crossing path (SCP) intersection crashes, if one of 
the vehicles had been equipped with an I-ADAS. As the concept V2I encompasses a range of different 
possible applications, it is not certain whether results for different applications are transferable to one 
another.  
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2 Scientific overview 
 
2.1 ANALYSIS OF STUDY DESIGNS AND METHODS 
After applying the search protocols and removing studies that did not meet the inclusion criteria 
(out of the domain, no assessment, not suitable, etc.) only four studies could be coded, analysed 
and summarised. This illustrates that V2I applications have so far not been well evaluated in the 
scientific literature. While these technologies get an increasing amount of attention, they still 
appear to be in a relatively early stage of development. 
 
Table 1 provides a list of the coded studies and shows which V2I applications were assessed in 
these studies. Furthermore, the table describes the sample size and the followed method for the 
assessment. Although all these studies produced quantitative information on safety related 
variables to a certain extent, none of them directly assessed the effect of the measure on the 
number of crashes. One study assessed the effect on crashes indirectly by simulating to what 
extent crashes could have been modified or even avoided in the case of a V2I warning system or an 
automated braking system being present (Scanlon et al., 2017). The other studies assessed 
behavioural outcomes such as speed decrease, acceleration behaviour and following distance 
(Farah et al., 2012; Farah & Koutsopoulos, 2014; Kanazawa et al., 2012). One study (Farah et al., 
2012) also assessed physiological outcomes: heart rates and eye movements.    
 
Table 1: Information on sample and design of coded studies on V2I schemes (sorted by name of first author) 
 
Author(s), 
year, country 
Measure description and 
sample 
Study design Outcome indicators 
Farah, H., 
Koutsopoulos, H., 
2014, Austria 
Congestion/incident warning 
system, 48 test drivers 
Field operational test • Car following behaviour 
 
Farah, H., 
Koutsopoulos, H., 
Saifuzzaman, M., 
Kölbl, R., Fuchs, 
S., Bankosegger, 
D., 2012, Austria 
Congestion/incident warning 
system, 35 test drivers 
Field operational test • Driving speed 
• Acceleration 
• Lane changing frequency 
• Following gap 
• Eye movement 
• Heart rate 
Kanazawa, F., 
Sakai, K., Iwasaki, 
K., 2012, Japan 
Curvature warning system (20 
drivers drive 6 times = 120 tests in 
total) 
Field operational test • Driving speed 
Scanlon, J., 
Sherony, R., 
Gabler, H., 2017, 
USA 
Intersection Advanced Driver 
Assistance Systems (I-ADAS) 
(triggering either warning 
signals or automated braking) 
Simulation on 448 SCP (straight 
crossing path) crashes.  
Retrospective crash 
simulation 
• Percentage of avoided or 
mitigated crashes 
2.2 STUDY RESULTS 
 
Farah et al. (2012) as well as Farah & Koutsopoulos (2014) investigated the impact of COOPERS 
(CO-OPerative SystEms for Intelligent Road Safety), an infrastructure-to-vehicle system. The 
 SafetyCube │ Synopsis on Driver information and alert – V2I schemes │ WP5 5  
system extracted traffic related data from various sources including a traffic information centre. 
Subsequently it generated warning messages and transferred these to roadside units. The created 
messages were then sent to on-board units of the test vehicles. Examples of messages included 
road works, adverse weather conditions, lane utilisation and incidents ahead. Thirty-five test 
drivers drove an instrumented vehicle, twice, with and without the system. Data related to driving 
behaviour, physiological measurements, and user acceptance were collected. A macro-level 
approach was used to evaluate the potential impact of such systems on driver behaviour and traffic 
safety. The results in terms of speeds, following gaps, and physiological measurements indicate a 
positive impact. Furthermore, drivers’ opinions show that the system is in general acceptable and 
useful.  
Kanazawa et al. (2012) reported the results of a field operational test (FOT) that was conducted to 
verify the effectiveness of a system (ITS Spot) that warned drivers about the presence of 
dangerous curves.  The effectiveness of the system was measured by comparing behaviour of 
drivers with and without voice guidance. The FOTs were conducted in dry and wet road surface 
conditions. In both conditions, when voice guidance was provided, the driving speed was reduced, 
by 2 km/h and 2.66 km/h respectively. Furthermore, decelerating action was taken earlier in 
comparison to cases without voice guidance. In particular, the voice guidance resulted in more 
effective deceleration in vehicles with excessive speed in dry road surface conditions. A 
questionnaire survey completed by the drivers showed a high appraisal for the service. 
Scanlon et al. (2017) investigated the potential impact of a system (Intersection Advanced Driver 
Assistance Systems (I-ADAS) that helps drivers to safely navigate intersections.  They estimated 
the number of crashes and number of vehicles with a seriously injured driver (MAIS3+) that could 
be prevented or reduced if, for every straight crossing path (SCP) intersection crash, one of the 
vehicles had been equipped with an I-ADAS. This study retrospectively simulated 448 U.S. SCP 
crashes as if one of the vehicles had been equipped with I-ADAS. Crashes were reconstructed to 
determine the path and speeds travelled by the vehicles. Cases were then simulated with I-ADAS. 
The model predicted that an I-ADAS that delivers an alert to the driver has the potential to prevent 
0-23% of SCP crashes and 0-25% of vehicles with a seriously injured driver. Conversely, an I-ADAS 
that autonomously brakes was found to have the potential to prevent 25-59% of crashes and 38-
79% of crashes with a seriously injured driver. For an I-ADAS that delivers an alert, crash/injury 
prevention effectiveness was found to be very sensitive to changes in activation timing (warning 
delivered 1.0 to 3.0 s prior to impact). If autonomous braking was used, system effectiveness was 
found to largely plateau for activation timings greater than 1.5 s prior to impact. In general, the 
results of this study suggest that I-ADAS will be 2-3 times more effective if an autonomous braking 
system is utilised over a warning-based system.  
2.3 DESCRIPTION OF ANALYSIS  
 
Review-type analysis 
Four studies establishing the effects of V2I schemes have been identified, coded, analysed and 
summarised. Two of the selected studies (Farah et al., 2012; Farah & Koutsopoulos, 2014) were 
based on the same V2I scheme, a Field Operational Test (FOT) on an incident and congestion 
warning system. Also Kanazawa et al. (2012) used a FOT. Scanlon et al. (2017) did a retrospective 
simulation of what the presence of a V2I scheme could have altered in 448 crashes.   
One study assessed the effect on crashes by means of a simulation (Scanlon et al., 2017). The other 
studies assessed behavioural outcomes such as driving speeds, accelerations, decelerations and 
following distance. One study also assessed physiological measures (heart rate and looking 
behaviour) (Farah et al., 2012). None of the available studies assessed the effect of a V2I scheme 
based on historical crash data.  
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All four studies assessed a V2I system with the basic purpose to warn drivers in case of some 
identified danger. The selected applications included warnings for traffic congestion and incidents 
(Farah et al., 2012; Farah & Koutsopoulos, 2014) as well as warnings for sharp curves (Kanazawa et 
al., 2012).  Scanlon et al. (2017) simulated effects of a warning message delivered 1.0 to 3.0 s prior 
to the impact for a set of registered crashes. Apart from a warning system, Scanlon et al. (2017) 
also analysed the potential effects of an autonomous emergency braking system that could have 
intervened shortly before the crash eventually happened.  
Given the small number of studies and the heterogeneity of applied research methods, a review-
type analysis was conducted for the main effect of each of the coded studies.  
 
Conclusions 
It appears that little can be concluded about the safety effects of V2I schemes. The number of 
existing studies is very small and no evidence of the eventual crash outcomes is available. The used 
indicators are at best only indirectly measuring safety and not all indicators point in the same 
direction. As only a few studies are available without clear results, the colour code grey is assigned 
to the V2I schemes (‘No conclusion possible because of few studies with inconsistent results, or few 
studies with weak indicators, or an equal amount of studies with no (or opposite) effect’). 
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3 Supporting document 
 
This Supporting Document on V2I schemes describes the literature search strategy (Section 3.1) 
and it presents references to the literature (Section Error! Reference source not found.). 
 
Taxonomy 
Measure Specific measure 
Driver information and alert Implementation of V2I scheme 
 
3.1 LITERATURE SEARCH STRATEGY 
 
A literature search for studies that assessed effects of V2I was carried out in three databases 
(ScienceDirect, TRID, Scopus) with combinations of search terms and operators. These studies were 
subsequently assessed and checked for their relevance. Tables 2, 3 and 4 below describe the search 
terms, the logical operators and the number of hits for the searches in the different databases. 
 
Excluded (as these topics are discussed in other synopses): 
• Variable message signs (for incident/accident/congestion warning) 
• Dynamic speed limits 
 
 
Keywords :  
- Vehicle to Infrastructure, V2I, Vehicle-to-Infrastructure  
- warning, information, safety, effect, effectiveness, evaluation 
 
Research terms and hits 
Database: Scopus Date: 13 January 2017 
 
Limitations/ Exclusions: 
• Search field: TITLE-ABS-KEY 
• Published: All years 
• Document Type: ALL 
 
Table 2: Search terms and hits in Scopus 
 search 
no. 
search terms / operators / combined queries hits 
V2I 
#1 TITLE-ABS-KEY ( "V2I"  OR  "vehicle to infrastructure" )  AND  TITLE-ABS-KEY ( 
"conflict"  OR  "safety"  OR  "crash"  OR  "accident"  OR  "collision"  OR  "fatal*"  OR  
"casualt*" )  
 
667 
 
#2 TITLE-ABS-KEY ( "V2I"  OR  "vehicle to infrastructure" )  AND  TITLE-ABS-KEY ( 
"conflict"  OR  "safety"  OR  "crash"  OR  "accident"  OR  "collision"  OR  "fatal*"  OR  
"casualt*" )  AND  TITLE-ABS-KEY ( "effect"  OR  "impact"  OR  "assess*"  OR  
"evaluation"  OR  "consequence" )  
189 
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Database: Science Direct Date: 13 January 2017 
 
Limitations/ Exclusions: 
• Search field: all 
• Published: >1999 
• Document Type: journal papers 
 
 
Table 3: Search terms and hits in Science Direct 
 search 
no. 
search terms / operators / combined queries hits 
V2I #1 
("V2I" OR "vehicle to infrastructure" OR "vehicle-to-infrastructure" ) AND (safety OR crash 
OR accident OR collision OR fatal OR casualt*) AND ( "effect" OR "impact" OR 
"evaluation" OR "consequence" ) [All Sources(Engineering,Environmental Science,Social 
Sciences)] 
514 
 
Database: TRID Date: 13 January 2017 
 
Limitations/ Exclusions: 
• Search field: all 
• Published: all years 
• Document Type: Only articles and papers 
• Subject Area: “Research” OR “Safety and Human Factors” OR “Transportation (General)” 
OR “Vehicles and Equipment”  
 
Table 4: Search terms and hits in TRID 
.   search no. search terms / operators / combined queries hits 
 #1 V2I 124 
 
Results Literature Search 
Table 5: Results literature search 
Database Hits 
Scopus 189 
ScienceDirect 514 
TRID 124 
Total number of studies to screen title 827 
 
Interesting papers from the literature search  
The searches in the databases resulted in a list of 827 studies. The titles of these studies were 
screened in order to evaluate the relevance to the topic. Papers were not further selected if they 
dealt with topics that are not relevant for the sake of collecting evidence on the safety effects of V2I 
systems. Examples of excluded topics are articles on signal transmission characteristics and 
performance, information exchange protocols, articles solely oriented towards product- 
development, articles clearly not dealing with safety aspects and duplicates. After this procedure 63 
studies were selected for further screening of the abstract.  These studies are listed in Table 6. 
Subsequently the abstracts were screened with the same criteria. After this procedure 12 papers 
were selected for further screening (see Table 6, green = selected, red = not selected). 
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Table 6:  Preselected studies 
Authors Title Year Source title 
Ekedebe N., Lu C., Yu W. Towards experimental evaluation of intelligent Transportation System 
safety and traffic efficiency 
2015 IEEE International Conference on 
Communications 
Furuta A., Iwata Y., Masegi A., Mimura Y. Effect and acceptance of V2I cooperative crossing collision prevention 
system at non-signalized intersections 
2014 21st World Congress on Intelligent Transport 
Systems, ITSWC 2014: Reinventing Transportation 
in Our Connected World 
Haneen Farah, Haris N. Koutsopoulos Do cooperative systems make drivers’ car-following behavior safer? 2014 Transportation Research Part C: Emerging 
Technologies 
Haneen Farah, Haris N. Koutsopoulos, Mohammad 
Saifuzzaman, Robert Kölbl, Susanne Fuchs, Doris Bankosegger 
Evaluation of the effect of cooperative infrastructure-to-vehicle 
systems on driver behavior 
2012 Transportation Research Part C: Emerging 
Technologies 
Holmes L., Harwood L., Klauer S., Doerzaph Z. Connected vehicle systems 2014 Transportation Research Record 
Kanazawa, Fumihiko; Sakai, Koichi; Iwasaki, Ken.  Field Operational Tests for the "Safe Driving Support System at Curve 
Section" on the Metropolitan Expressway 
2012 19th ITS World Congress, ITS America 
Kusano, Kristofer D; Gabler, Hampton C.  Comprehensive Target Populations for Current Active Safety Systems 
Using National Crash Databases 
2014 Traffic Injury Prevention 
Miao Song, Shane McLaughlin, Zachary Doerzaph An on-road evaluation of connected motorcycle crash warning 
interface with different motorcycle types 
2017 Transportation Research Part C: Emerging 
Technologies 
Nakamura S., Mukaiyama Y., Suganuma H. Evaluation of effect of right-turn collision recognition support system 
using vehicle-to-infrastructure communication 
2013 20th ITS World Congress Tokyo 2013 
Park Y.-K., Moon Y.-J., Cho Y.-S., Kum K.-J. Field tests for evaluating cooperative intersection signal violation 
warning system (CISVWS) 
2013 International Journal of Automotive Technology 
Vicente Milanés, Joshué Pérez, Jorge Godoy, Enrique Onieva A fuzzy aid rear-end collision warning/avoidance system 2012 Expert Systems with Applications 
John M. Scanlon, Rini Sherony & Hampton C. Gabler Injury Mitigation Estimates for an Intersection Driver Assistance 
System in Straight Crossing Path Crashes in the U.S 
2017 Traffic Injury Prevention 
Agosta G., Barenghi A., Brandolese C., Fornaciari W., Pelosi 
G., Delucchi S., Massa M., Mongelli M., Ferrari E., Napoletani 
L., Bozzi L., Tieri C., Cassioli D., Pomante L. 
V2I Cooperation for Traffic Management with SafeCop 2016 Proceedings - 19th Euromicro Conference on 
Digital System Design, DSD 2016 
Assad Alam, Ather Gattami, Karl H. Johansson, Claire J. 
Tomlin 
Guaranteeing safety for heavy duty vehicle platooning: Safe set 
computations and experimental evaluations 
2014 Control Engineering Practice 
Assad Alam, Jonas Mårtensson, Karl H. Johansson Experimental evaluation of decentralized cooperative cruise control 
for heavy-duty vehicle platooning 
2015 Control Engineering Practice 
Astarita, Vittorio; Guido, Giuseppe; Giofrè, Vincenzo Pasquale Co-operative ITS: Smartphone based Measurement Systems for Road 
Safety Assessment 
2014 Procedia Computer Science 
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Bouchemal N., Naja R., Moubarak M., Tohme S. Modeling and performance evaluation of V2I communications 2015 2015 5th International Conference on Digital 
Information and Communication Technology and 
Its Applications, DICTAP 2015 
Chung-Jen Hsu, Elizabeth G. Jones Sensitivity analyses of stopping distance for connected vehicles at 
active highway-rail grade crossings 
2017 Accident Analysis & Prevention 
Dalla Chiara B., Deflorio F., Diwan S. Assessing the effects of inter-vehicle communication systems on road 
safety 
2009 IET Intelligent Transport Systems 
Dalla Chiara B., Deflorio F.P., Cuzzola S. A proposal of risk indexes at signalised intersections for ADAS aimed 
to road safety 
2014 Lecture Notes in Electrical Engineering 
Dalla Chiara B., Deflorio F.P., Cuzzola S. Road safety at intersections controlled by traffic lights: IVC and risk 
indexes 
2012 ICINCO 2012 - Proceedings of the 9th 
International Conference on Informatics in 
Control, Automation and Robotics 
Dey K.C., Rayamajhi A., Chowdhury M., Bhavsar P., Martin J. Vehicle-to-vehicle (V2V) and vehicle-to-infrastructure (V2I) 
communication in a heterogeneous wireless network - Performance 
evaluation 
2016 Transportation Research Part C: Emerging 
Technologies 
Diwan S., Dalla Chiara B., Deflorio F. Effect of vehicle to vehicle and vehicle to infrastructure 
communication systems on transportation safety 
2006 Applications of Advanced Technology in 
Transportation - Proceedings of the Ninth 
International Conference on Applications of 
Advanced Technology in Transportation 
Eloranta, Pekka; Sukuvaara, Timo Increasing Traffic Safety with Real Time Road Weather, Incident and 
Accident Data to Vehicles – Finnish Experiences 
2011 18th ITS World Congress, ITS America 
Eom J.E., Jung H.J., Bae S.H. An evaluation of intelligent roundabout under V2V and V2I 2014 21st World Congress on Intelligent Transport 
Systems, ITSWC 2014: Reinventing Transportation 
in Our Connected World 
Erfan Aria, Johan Olstam, Christoph Schwietering Investigation of Automated Vehicle Effects on Driver's Behavior and 
Traffic Performance 
2016 Transportation Research Procedia 
Essam Dabbour, Said Easa Proposed collision warning system for right-turning vehicles at two-
way stop-controlled rural intersections 
2014 Transportation Research Part C: Emerging 
Technologies 
Francesco Benedetto, Alessandro Calvi, Fabrizio D’Amico, 
Gaetano Giunta 
Applying telecommunications methodology to road safety for rear-end 
collision avoidance 
2015 Transportation Research Part C: Emerging 
Technologies 
Grimm, Donald K; Reid, Bonnie L; Sadekar, Varsha K. Crashless Zone Pilot - A Field Operational Test Using Add-on DRSC 
Devices 
2008 15th World Congress on Intelligent Transport 
Systems and ITS America's 2008 Annual Meeting, 
ITS America, 2008, 10p 
Hikita T., Kasai T., Yoshioka A. Integrated simulator platform for evaluation of vehicular 
communication applications 
2008 Proceedings of the 2008 IEEE International 
Conference on Vehicular Electronics and Safety, 
ICVES 2008 
James A. Misener, Subir Biswas, Greg Larson Development of V-to-X systems in North America: The promise, the 
pitfalls and the prognosis 
2011 Computer Networks 
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Jiménez F., Naranjo J.E., Anaya J.J., García F., Ponz A., 
Armingol J.M. 
Advanced Driver Assistance System for Road Environments to Improve 
Safety and Efficiency 
2016 Transportation Research Procedia 
José Santa, Rafael Toledo-Moreo, Miguel A. Zamora-
Izquierdo, Benito Úbeda, Antonio F. Gómez-Skarmeta 
An analysis of communication and navigation issues in collision 
avoidance support systems 
2010 Transportation Research Part C: Emerging 
Technologies 
Kakan Chandra Dey, Anjan Rayamajhi, Mashrur Chowdhury, 
Parth Bhavsar, James Martin 
Vehicle-to-vehicle (V2V) and vehicle-to-infrastructure (V2I) 
communication in a heterogeneous wireless network – Performance 
evaluation 
2016 Transportation Research Part C: Emerging 
Technologies 
Kato, Seiya; Hiltunen, Matti; Joshi, Kaustubh; Schlichting, 
Richard 
Enabling Vehicular Safety Applications Over LTE Networks 2013 2013 International Conference on Connected 
Vehicles and Expo (ICCVE), Institute of Electrical 
and Electronics Engineers (IEEE), 
Li J., Zhang Y., Chen Y. A Self-Adaptive Traffic Light Control System Based on Speed of 
Vehicles 
2016 Proceedings - 2016 IEEE International Conference 
on Software Quality, Reliability and Security-
Companion, QRS-C 2016 
Liu Zhenyu, Pu Lin, Zhu Konglin, Zhang Lin Design and evaluation of V2X communication system for vehicle and 
pedestrian safety 
2015 The Journal of China Universities of Posts and 
Telecommunications 
Liu, Jun; Khattak, Asad J. Delivering improved alerts, warnings, and control assistance using 
basic safety messages transmitted between connected vehicles 
2016 Transportation Research Part C: Emerging 
Technologies 
M. Schiebahn, S. Drogies, M. Schölzke, U. Bonné, A. 
Heitmann, P. Heitkämper 
Improved Active Safety through Collision Mitigation System based on 
single forward looking Radar Sensor 
2010 IFAC Proceedings Volumes 
M. Sepulcre, J. Gozalvez, J. Hernandez Cooperative vehicle-to-vehicle active safety testing under challenging 
conditions 
2013 Transportation Research Part C: Emerging 
Technologies 
Masao Fukushima The latest trend of v2x driver assistance systems in Japan 2011 Computer Networks 
Maxime Guériau, Romain Billot, Nour-Eddin El Faouzi, Julien 
Monteil, Frédéric Armetta, Salima Hassas 
How to assess the benefits of connected vehicles? A simulation 
framework for the design of cooperative traffic management 
strategies 
2016 Transportation Research Part C: Emerging 
Technologies 
Mixon L.T., Brown J. Analyzing data from the Safety Pilot infrastructure: Influencing future 
deployments 
2014 21st World Congress on Intelligent Transport 
Systems, ITSWC 2014: Reinventing Transportation 
in Our Connected World 
Moon, Young-Jun; Park, Yukyung Field Tests for Cooperative Intersection Signal Violation Warning 
Systems (CISVWS) 
2010 17th ITS World Congress, ITS Japan; ITS America; 
ERTICO, 
Mueller, Max We Need to Talk: V2X Promises to Prevent Crashes by Getting Vehicles 
to Talk to Each Other and Their Surroundings – But Standardization 
and Technological Issues Need to be Addressed to Maximize the 
Potential. 
2016 Vision Zero International 
Muralidharan A., Coogan S., Flores C., Varaiya P. Management of intersections with multi-modal high-resolution data 2016 Transportation Research Part C: Emerging 
Technologies 
Radak J., Ducourthial B., Cherfaoui V., Bonnet S. Detecting road events using distributed data fusion: Experimental 
evaluation for the icy roads case 
2016 IEEE Transactions on Intelligent Transportation 
Systems 
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Romteera Khlaikhayai, Chavana Pavaganun, Benja 
Mangalabruks, Preecha Yupapin 
An Intelligent Walking Stick for Elderly and Blind Safety Protection 2011 Procedia Engineering 
Ryan Florin, Stephan Olariu A survey of vehicular communications for traffic signal optimization 2015 Vehicular Communications 
Saiprasert C., Thajchayapong S., Pholprasit T., Tanprasert C. Driver behaviour profiling using smartphone sensory data in a V2I 
environment 
2014 2014 International Conference on Connected 
Vehicles and Expo, ICCVE 2014 - Proceedings 
Schendzielorz T., Vreeswijk J., Mathias P. Intelligent Cooperative Intersection Safety implementation, test and 
evaluation 
2009 16th ITS World Congress 
Schindhelm R., Geißler T., Westerkamp U. Vehicle to vehicle versus vehicle to infrastructure communication 
systems - An economic assessment of the SAFESPOT application 
bundles 
2009 16th ITS World Congress 
Sebastian Röglinger A methodology for testing intersection related Vehicle-2-X 
applications 
2011 Computer Networks 
Sehyun Tak, Soomin Woo, Hwasoo Yeo Study on the framework of hybrid collision warning system using loop 
detectors and vehicle information 
2016 Transportation Research Part C: Emerging 
Technologies 
Sonia C. Mangones, Paul Fischbeck, Paulina Jaramillo Safety-related risk and benefit-cost analysis of crash avoidance 
systems applied to transit buses: Comparing New York City vs. Bogota, 
Colombia 
2017 Safety Science 
Sturgeon, Purser K; Dellenback, Steven W; Parish, Darin Retrofit Safety Devices for Cooperative Commercial Vehicles 2013 20th ITS World Congress, ITS Japan 
Ute Christine Ehlers, Eirin Olaussen Ryeng, Edward 
McCormack, Faisal Khan, Sören Ehlers 
Assessing the safety effects of cooperative intelligent transport 
systems: A bowtie analysis approach 
2017 Accident Analysis & Prevention 
Vivo G., Dalmasso P., Vernacchia F. The European Integrated Project SAFESPOT - How ADAS applications 
co-operate for the driving safety 
2007 IEEE Conference on Intelligent Transportation 
Systems, Proceedings, ITSC 
Wang J.-Q., Wang H.-P., Liu J.-X., Li K.-Q. Intersection vehicle driving assistance system based on vehicle-to-
infrastructure communication 
2013 Zhongguo Gonglu Xuebao/China Journal of 
Highway and Transport 
Weis, C. V2X communication in Europe – From research projects towards 
standardization and field testing of vehicle communication technology 
2011 Computer Networks 
Zha, Liteng; Songchitruksa, Praprut Assessment of Safety Performance Monitoring at Signalized 
Intersections Using Connected Vehicle Vehicle-to-Infrastructure Data. 
2015 Transportation Research Board 94th Annual 
Meeting, Transportation Research Board 
Zhang G. Connected autonomous vehicle control optimization at intersections 2017 Advances in Intelligent Systems and Computing 
Zhao Y., Zhang H., Sun W., Bai Z., Pan C. Performance evaluation of IEEE 802.11p vehicle to infrastructure 
communication using off-the-shelf IEEE 802.11a hardware 
2014 2014 17th IEEE International Conference on 
Intelligent Transportation Systems, ITSC 2014 
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Coding 
 
 
The remaining 12 studies were checked, based on the full paper version. All checked studies are 
presented in Table 7. The table includes authors, title, year and source of the study. Studies 
highlighted in green were coded. The last column mentions the reason of exclusion for the not 
coded studies. 
At present, V2I-systems are largely experimental and not yet well assessed in terms of their safety 
outcome. 4 papers could be coded. However, none of them contained effect estimates on the 
number of crashes or injuries.  
In addition a check of the Handbook of Road Safety Measures (Elvik et al., 2009) revealed no results 
on V2I.
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Table 7:  Final list of coded studies, and reason to exclude non coded studies  
Authors Title Year Source Status Reason of 
exclusion 
Ekedebe N., Lu C., Yu W. Towards experimental evaluation of intelligent 
Transportation System safety and traffic efficiency 
2015 IEEE International Conference on 
Communications 
Not coded No safety 
effect 
assessed 
Furuta A., Iwata Y., Masegi A., 
Mimura Y. 
Effect and acceptance of V2I cooperative crossing collision 
prevention system at non-signalized intersections 
2014 21st World Congress on Intelligent 
Transport Systems, ITSWC 2014: 
Reinventing Transportation in Our 
Connected World 
Not coded No full text 
accessible.  
Effect in 
terms of TTC 
Haneen Farah, Haris N. 
Koutsopoulos 
Do cooperative systems make drivers’ car-following 
behavior safer? 
2014 Transportation Research Part C: 
Emerging Technologies 
Coded  
Haneen Farah, Haris N. 
Koutsopoulos, Mohammad 
Saifuzzaman, Robert Kölbl, Susanne 
Fuchs, Doris Bankosegger 
Evaluation of the effect of cooperative infrastructure-to-
vehicle systems on driver behavior 
2012 Transportation Research Part C: 
Emerging Technologies 
Coded  
Holmes L., Harwood L., Klauer S., 
Doerzaph Z. 
Connected vehicle systems 2014 Transportation Research Record Not coded Compares 
inferfaces for 
message 
delivery 
Kanazawa, Fumihiko; Sakai, Koichi; 
Iwasaki, Ken.  
Field Operational Tests for the "Safe Driving Support 
System at Curve Section" on the Metropolitan Expressway 
2012 19th ITS World Congress, ITS America Coded Little 
information 
on study 
design and 
data 
collection 
Kusano, Kristofer D; Gabler, Hampton 
C.  
Comprehensive Target Populations for Current Active Safety 
Systems Using National Crash Databases 
2014 Traffic Injury Prevention Not coded No safety 
outcome. 
Only defines 
theoretical 
target 
population 
Miao Song, Shane McLaughlin, 
Zachary Doerzaph 
An on-road evaluation of connected motorcycle crash 
warning interface with different motorcycle types 
2017 Transportation Research Part C: 
Emerging Technologies 
Not coded No safety 
evaluation 
(Interface 
development 
+ assessment 
of user 
acceptance). 
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Authors Title Year Source Status Reason of 
exclusion 
Nakamura S., Mukaiyama Y., 
Suganuma H. 
Evaluation of effect of right-turn collision recognition 
support system using vehicle-to-infrastructure 
communication 
2013 20th ITS World Congress Tokyo 2013 Not coded Full paper not 
accessible 
Abstract very 
brief, no 
numeric 
information, 
no related 
paper found 
Park Y.-K., Moon Y.-J., Cho Y.-S., Kum 
K.-J. 
Field tests for evaluating cooperative intersection signal 
violation warning system (CISVWS) 
2013 International Journal of Automotive 
Technology 
Not coded Determines 
functional 
requirements 
Vicente Milanés, Joshué Pérez, Jorge 
Godoy, Enrique Onieva 
A fuzzy aid rear-end collision warning/avoidance system 2012 Expert Systems with Applications Not coded Develops 
system. 
Evaluation 
done in terms 
of accuracy, 
no outcome 
effect.  
John M. Scanlon, Rini Sherony & 
Hampton C. Gabler 
Injury Mitigation Estimates for an Intersection Driver 
Assistance System in Straight Crossing Path Crashes in the 
U.S 
2017 Traffic Injury Prevention Coded  
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3.2 DETAILS OF ANALYSIS RESULTS 
 
 
Table 8 provides information on the main outcomes of coded studies on V2I schemes. The table 
includes a description of the main outcome of each of the studies. Effects on road safety are coded 
as: positive (↗), negative (↘), non-significant (-) or no test for significance reported (∕).  
 
Table 8: Summary of coded study results for V2I schemes (sorted by surname of first author) 
 
Author(s), 
year, country 
Measure 
description 
and sample 
Dependant / 
outcome 
type 
Effects on road safety Main outcome – description 
Farah, H., 
Koutsopoulos, 
H., 2014, 
Austria 
Congestion/inc
ident warning 
system, 48 test 
drivers 
Car 
following 
behaviour 
/ 
Smoother accelerations 
and decelerations when 
the system is active 
It is concluded that the system 
harmonised the behaviour of drivers 
and reduced the range of 
acceleration and deceleration 
differences among them. 
Farah, H., 
Koutsopoulos, 
H., 
Saifuzzaman, 
M., Kölbl, R., 
Fuchs, S., 
Bankosegger, 
D., 2012, 
Austria 
Congestion/inc
ident warning 
system, 35 test 
drivers 
Driving 
speed 
↗ 
Average driving speed 
 -1.62 km/h (p≤0.05)  
No statistically significant 
differences were found between the 
two drives (with and without the 
system activated) with respect to 
drivers’ acceleration and lane-
changing frequencies. Evidence of 
increased following gaps between 
the drivers and the vehicle in front 
was found when the system was 
active. Reduced driving speeds and 
increased following gaps in general, 
have a positive impact on traffic 
safety. The results from the 
physiological measures and user 
acceptance further support the 
above conclusion. The physiological 
measurements, in the form of eye 
movements and heart rate, indicated 
that drivers are less stressed when 
driving with the system. 
Acceleration - 
No sig. effect on 
acceleration (t=-0.223) 
Lane 
changing 
frequency 
- 
No sig. effect  
Following 
gap 
↗ 
Sig. increase, no effect 
size estimate 
Eye 
movement 
↘ 
Sig. increase of glance 
movements, indicating 
possible distraction. No 
effect size estimate 
Heart rate / 
Increased heart rate 
variability, no effect size 
estimate 
Kanazawa, F., 
Sakai, K., 
Iwasaki, K., 
2012, Japan 
Curvature 
warning 
system (20 
drivers drive 6 
times = 120 
tests in total) 
Driving 
speed 
/ 
- 2 km/h during dry/clear 
weather conditions  
In both dry and wet road surface 
conditions, when the warning 
system was active (voice guidance), 
the driving speed reduced and 
decelerating action was taken earlier 
in comparison to cases without the 
system. 
/ 
-2.66 km/h during rainy 
conditions 
Scanlon, J., 
Sherony, R., 
Gabler, H., 
2017, USA 
Intersection 
Advanced 
Driver 
Assistance 
Systems (I-
ADAS) 
(triggering  
Percentage 
of avoided or 
mitigated 
crashes 
/ 
Warning signals:  
- 0% to 23% prevented 
SCP crashes 
- 17 to 34% crashes with 
reduced impact 
- 0% to 23% reduction 
of  
The model predicted that an I-ADAS 
that delivers an alert to the driver 
has the potential to prevent 0-23% 
of SCP crashes and 0-25% of 
vehicles with a seriously injured 
driver. 
Conversely, an I-ADAS that 
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Author(s), 
year, country 
Measure 
description 
and sample 
Dependant / 
outcome 
type 
Effects on road safety Main outcome – description 
either warning 
signals or 
automated 
braking) 
Simulation on 
448 SCP 
(straight 
crossing path) 
crashes.  
Automated braking: 
- 26 to 59 % prevented 
SCP crashes 
- 25 to 46% crashes 
with reduced impact 
autonomously brakes was found to 
have the potential to prevent 25-
59% of crashes and 38-79% of 
vehicles with a seriously injured 
driver. In general, the results of this 
study suggest that I-ADAS will be 2-
3 times more effective if an 
autonomous braking system is 
utilised over a warning-based 
system. 
* Effects on road safety are coded as: positive (↗), negative (↘), non-significant (-) or no test for significance reported (∕) 
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Synopsis 37: Convert at-grade 
junction to interchange 
 
Giulia Botteghi, Apostolos Ziakopoulos, Eleonora Papadimitriou 
NTUA, May 2017 
1  SUMMARY 
1.1 Colour code: Green 
Explanation:  
The effects of converting an at-grade junction to an interchange are mostly positive in reducing crash 
frequency. Furthermore, the coded studies encompass several topics and have good levels of quality 
and consistency. For the reasons mentioned above, the overall impact of converting an at-grade 
junction to an interchange is characterised as green (effective).  
1.2 Keywords 
junction conversion; flyover; interchange; grade separation. 
1.3 Abstract 
At-grade junctions are intersections where two or more roads meet at the same level; this means that 
a regulation of junction space-time is required, either by default right-of-way regulations or by traffic 
signs and signals at the junction. Vehicle paths and directions intersect with each other, meaning there 
are not only increased delays due to junction capacity (only specific directions may use the junction 
area at any given time) but also an increased road safety risk due to the crossing of paths of road 
users. Road safety and traffic flow can be improved by separating those directions and eliminating the 
relevant conflicts via the introduction of segregated pathways for traffic, realised by the construction 
of height-separated junction arms. A level junction is thus converted to an interchange and vehicles 
can traverse without conflicts. Three high quality studies, of which two were meta-analyses, regarding 
various conversion treatments were coded. The outcomes usually regarded crash reduction as either 
the absolute difference between the numbers, or the percentage change before and after the 
conversion. Usually there are no outstanding modifying factors due to the nature of the measure; 
however, in one case lane addition took place simultaneously as well. On a basis of both study and 
effect numbers, it can be argued that converting at-grade junctions to interchanges creates positive 
impacts on road safety. There were casesthat reported non-significant results, but these were 
isolated. The results seem generally transferable. 
1.4 Background 
1.4.1 Definition of the conversion of an at-grade junction to an interchange 
A grade-separated junction, or interchange, is a junction where the primary traffic streams are divided 
from each other by being placed on separate levels. This kind of measure is usually used when large 
traffic volumes are present and at-grade junctions cannot serve traffic satisfactorily. In fact, queues 
and dense traffic may form, with numerous turning manoeuvres, which can lead to unstable and 
dangerous situations and to an increase in the number of crashes. In order to improve traffic flow and 
reduce the conflict points between different traffic streams, interchanges can be built. In full grade 
separated junctions, all movements which require crossing other streams of traffic are removed, and 
those which require  traffic travelling in the same direction to change lanes are reduced. 
1.4.2 How does the conversion of an at-grade junction to an interchange affect road safety? 
Converting at-grade junctions to interchanges improves the level of safety, convenience and comfort, 
reducing both injury and total crashes. In fact, results from coded studies show that grade-separated 
junctions have fewer crashes than at-grade junctions. 
1.4.3 Which safety outcomes are affected by the conversion of an at-grade junction to an interchange? 
The reviewed studies focus mainly on estimating the reduction of the number of crashes due to the 
conversion of at-grade junctions to interchanges, either with an absolute difference between before 
and after the intervention or with a combination of results from multiple studies through a meta-
analysis. 
1.4.4 How is the effect of the conversion of an at-grade junction to an interchange on road safety 
studied? 
The international literature has examined a variety of different approaches and ways to study the 
effect on road safety of converting an at-grade junction to an interchange. In one study this measure 
is examined alongside lane additions rather than separately, with the examination adjusted to the 
models selected to capture the entire situation for the given case. 
1.4.5 Overview of results 
The effects of converting at-grade junctions to interchanges on road safety tend to increase the level 
of road safety. Usually the various study findings link this treatment to decreased crash frequency.  
The meta-analysis that was included in the study reports uniform crash reductions for several 
reconfiguration measures. The meta-analysis results that were statistically significant range from a 
15% crash reduction for the conversion of a T-junction (3-arm) to a grade separated interchange, to a 
45% injurious crash reduction for the conversion of an at-grade junction to a grade separated 
interchange. Only one study reports a non-significant effect of the conversion on the number of 
crashes. 
1.4.6 Transferability 
The coded studies, including two meta-analyses, are based on data from several countries, such as 
Norway, Thailand, Germany, New Zealand, Sweden, Finland and Denmark. Although this is a good 
sample for general trends in Northern Europe, there is a lack of studies representing other developed 
countries (e.g. United States, Southern Europe, etc.) and less motorised countries. Moreover, the 
totality of studies examines all motor vehicles, without differentiating for different road users.  
1.4.7 Notes on analysis methods 
The methodology applied for capturing the impact of converting at-grade junctions to interchanges 
on road safety varies considerably between studies, mainly in terms of the mathematical models 
utilised. There is also a certain margin for investigating different road user categories and/or other 
geographical regions. The above all make the results for converting at-grade junctions to 
interchanges generally transferable, though relative caution is always required. 
 
  
2 SCIENTIFIC OVERVIEW 
2.1 Analysis of study designs and methods  
After appropriate use of various search tools and databases, three (3) high quality studies were 
selected and coded to evaluate the effectiveness of the conversion of an at-grade junction to an 
interchange on road safety. Two of them (Amundsen et al., 2004; Høye, 2014) combined data from 
multiple studies, performing a meta-analysis. All three studies investigated the effects that the 
countermeasure produced on the number of crashes. In particular, Amundsen et al. (2004) focused on 
the expected number of injury crashes, while Attakorn (2013) concentrated on crashes per year. 
In order to examine the relationship between the various exposures and outcome indicators, two 
studies (Amundsen et al., 2004; Høye, 2014) performed a meta-analysis. The third study conducted a 
comparison before and after the conversion of an at-grade junction to an interchange, but no 
statistical analyses were mentioned. 
Regarding the number of crashes, the meta-analysis carried out by Amundsen et al. (2004) showed a 
highly significant reduction of the expected number of injury crashes. Similarly, Høye (2014) reported 
mostly positive effects of different treatments on road safety, both for injury and total crashes. In 
particular, the effect is greater for X-junctions than T-junctions. Furthermore, the difference between 
fully grade-separated intersections and at-grade intersections appears to be greater than the 
difference between all types of grade-separated junctions and at-grade junctions. In addition to this, 
the last study (Attakorn, 2013) showed a non-significant effect of the conversion of an at-grade 
junction to an interchange on road safety. 
An overview of the main features of the coded studies (sample, method, outcome and results) is 
illustrated in Table 1. 
Number 
Author(s); 
Year; 
Country; 
Sampling frame for conversion at-
grade junction to interchange 
investigation 
Method for conversion at-
grade junction to 
interchange investigation 
Outcome indicator Main Result 
1 
Amundsen 
A. H., 
Elvik, R.; 
2004; 
Norway 
Accident data were obtained from 
statistics kept by highway authorities 
in the city of Oslo. These statistics are 
confined to injury accidents. Property-
damage-only accidents are not 
reported in official road accident 
statistics in Norway. Results refer to 
lane additions and other 
improvements of existing urban 
arterials. 
Meta-analysis (fixed-
effects models) 
Expected number 
of injury accidents 
[percent accident 
change] 
Two cases that involved lane 
additions and converting at-grade 
junctions to interchanges resulted 
in a mean accident reduction of 
51%, which was highly 
significant.  
2 
Auttakorn 
S.; 2013; 
Thailand 
Field data were collected before and 
after construction of a flyover (on 
working days in 2009 and 2012), on an 
existing at-grade signalised 
intersection, on the road to the Hatyai 
airport in Songkhla province, Thailand. 
These data were used to analyse the 
benefits by comparing before and after 
situations. 
Absolute difference 
comparison between 
before and after the 
construction 
Accidents per year 
[absolute 
difference] 
No significant difference is 
observed, though that might be 
attributed to the environment 
under the flyover, which 
remained largely unchanged. 
Number 
Author(s); 
Year; 
Country; 
Sampling frame for conversion at-
grade junction to interchange 
investigation 
Method for conversion at-
grade junction to 
interchange investigation 
Outcome indicator Main Result 
3 
Høye, A.; 
2014; 
Norway 
The meta-analysis combined results of 
different studies from Norway, 
Sweden, Germany and Finland. The 
number of involved studies varies from 
four to one, on the basis of the 
improvement considered. 
Inverse-variance meta-
analysis 
Number of 
accidents 
[Percent accident 
reduction] 
Grade-separated junctions are 
shown to have fewer accidents 
than at-grade junctions. The 
difference is greater for X-
junctions than T-junctions. 
Furthermore, the difference 
between fully grade separated 
intersections and at-grade 
intersections appear to be greater 
than the difference between all 
types of grade-separated 
junctions and at-grade junctions. 
Table 1 Description of coded study 
 
2.2 Limitations 
There are few limitations in the current literature examining the effects of the conversion of an at-
grade junction to an interchange on road safety. It is worth noting that the studies come only from 
North Europe, Thailand and New Zealand and, therefore, there is a lack of information concerning the 
impact of the countermeasures in other countries, such as countries in Africa or Asia, or in America.  
2.3 Results for conversion of an at-grade junction to an interchange 
2.3.1 Introduction 
The effects of the conversion of an at-grade junction to an interchange on road safety can be 
summarised as follows: 
• 2 studies with significant positive effects on road safety, due to the conversion of at-grade 
junctions to interchanges; 
• 1 study with a non-significant effect of the treatment on road safety. 
The complete detailed results from the coded studies appear in Table 2 which is presented in the 
supporting document.  
After the results were reviewed together, in possible consideration of a meta-analysis, the following 
points were observed: 
a) There is an adequate number of studies, however; 
b) Those studies have used different models for analysis. 
c) There are different indicators, and even when they coincide they are not measured in the same 
way. 
d) The sampling frames were quite different.  
 
2.4 Description of analysis carried out 
2.4.1 Review-type analysis  
After considering the previous points it was decided that a meta-analysis could not be carried out in 
order to find the overall impact of the conversion of an at-grade junction to an interchange on road 
safety. In fact, two meta-analyses are included in the coded studies and, since the results have 
different weights, the only analysis that can be performed is a qualitative one.  
Taking the above into consideration, it was decided that neither a meta-analysis nor a vote count 
analysis was appropriate, and thus a review type analysis was selected. 
The positive effects of crash reduction appear to occur in several locations, for different severities 
(fatal, injury, all severities) and for distinct types of countermeasures. Conversely, non-significant 
effects were found on the number of crashes, due to the conversion of an at-grade junction to a 
flyover interchange. 
2.4.2 Overall estimate for road safety 
On the basis of the coded studies, it can be asserted that the conversion of at-grade junctions to 
interchanges has an overall positive effect on road safety. There have been some cases when the 
impact of the conversion of at-grade junctions to interchanges is unclear or inconclusive. These 
unclear effects appear to be a minority, however, and it can be argued that they occur due to 
unexpected circumstances. The variation between indicators, models, framing and general details 
between studies made the circumstances for conducting a meta-analysis inappropriate.   
2.5 Conclusion 
The review-type analysis carried out shows that the conversion of at-grade junctions to interchanges 
is usually associated with a reduction of crash frequency. The fact that the results are mostly 
consistent and show a decrease in the number of crashes before and after the treatments ranging 
from 15% to 52%, leads to the assessment of a green colour code for the conversion of at-grade 
junctions to interchanges. Essentially, this means that this measure reduces road safety risk 
consistently. 
  
3 SUPPORTING DOCUMENT 
3.1 Supporting quantitative table 
Below follows Table 2,  including all quantitative effects from the coded studies for the measures of 
conversion of at-grade junctions to interchanges.  
Number 
Author(s); 
Year; 
Country; 
Outcome 
indicator 
Exposure Quantitative Estimate 
Effect on 
road 
safety 
1 
Amundsen 
A. H., 
Elvik, R.; 
2004; 
Norway 
Expected 
number of 
injury 
accidents 
[percent 
accident 
reduction] 
Conversion of at-grade 
junctions to 
interchanges  
Improvement 1 
Per. Acc. Red.: n= -51%, CI 
[95%]=[-68;-27], a=0.05 ↓ 
Improvement 2 
Per. Acc. Red.: n= -52%, CI 
[95%]=[-71;-19], a=0.05 ↓ 
All improvements 
Per. Acc. Red.: n= -51%, CI 
[95%]=[-65;-33], a=0.05 ↓ 
2 
Auttakorn 
S.; 2013; 
Thailand 
Accidents 
per year 
[absolute 
difference] 
Conversion of an at-
grade junction to a 
flyover interchange 
Abs. Diff.: n= -0.1 - 
3 
Høye, A.; 
2014; 
Norway 
Number of 
accidents 
[Percent 
accident 
reduction] 
Conversion of an at-
grade junction to a 
grade separated 
interchange 
Injury crashes 
Per. Acc. Red.: n=-45%,  
CI[95%]= [-58;-28], a=0.05 ↓ 
All crashes 
Per. Acc. Red.: n=-22%,  
CI[95%]= [-31;-12], a=0.05 ↓ 
Conversion of a T  
(3-arm) junction to a 
grade separated 
interchange 
Injury crashes 
Per. Acc. Red.: n=-23%,  
CI[95%]= [-68; 86], a=0.05 - 
All crashes 
Per. Acc. Red.: n=-15%,  
CI[95%]= [-22;-8], a=0.05 ↓ 
Conversion of a 
crossroad (4-arm) 
junction to a grade 
separated interchange 
Injury crashes 
Per. Acc. Red.: n=-57%,  
CI[95%]= [-63;-50], a=0.05 ↓ 
All crashes 
Per. Acc. Red.: n=-25%,  
CI[95%]= [-44; 1], a=0.05 - 
Conversion of a traffic 
signal controlled 
junction to a grade 
separated interchange 
Injury crashes 
Per. Acc. Red.: n=-29%,  
CI[95%]= [-41;-14], a=0.05 ↓ 
All crashes 
Per. Acc. Red.: n=-28%,  
CI[95%]= [-36;-18], a=0.05 ↓ 
Conversion of an at-
grade junction to a 
fully grade-separated 
interchange 
All crashes 
Per. Acc. Red.: n=-35%,  
CI[95%]= [-27; 43], a=0.05 ↓ 
Conversion of a partly 
grade-separated to a 
fully grade-separated 
interchange 
All crashes 
Per. Acc. Red.: n=-17%,  
CI[95%]= [-24;-8], a=0.05 ↓ 
Conversion of an at-
grade junction to a 
partly grade-separated 
interchange 
All crashes 
Per. Acc. Red.: n=-8%,  
CI[95%]= [-30; 21], a=0.05 - 
 
↓ denotes positive road safety effects - 
denotes unclear or marginal road safety 
effects 
↑ denotes negative road safety effects * 
denotes that no statistical analysis was 
conducted for the significance of the 
effects  
Table 2 Quantitative results of coded studies and impacts on road safety 
 
 
3.2 Identifying relevant studies  
Measure: convert at-grade junction to interchange 
3.2.1 Literature search strategy 
The search strategy aimed at identifying recent studies concerning the conversion of at-grade 
junctions to interchanges. Three main databases were consulted: Scholar, TRID and Science Direct. In 
general, only recent (after 1990) journal studies were considered. 
Limitations/ Exclusions: 
• Published: 1990 to 2016 
• Document source: ALL, Documents: Articles and papers, reports if needed to complete study 
numbers,  
• Subject area: ALL 
• Language: English 
 
Database: Scopus   Date: 4th January 2017 
search no. search terms / operators / combined queries hits 
#1 "junction" AND "conver*" 14494 
#2 AND ("at-grade*" OR "level" OR "grade separated") AND "interchang*" 5 
 
All years 6 
 
Database: TRID   Date: 4th January 2017 
search no. search terms / operators / combined queries hits 
#1 Convert junction 6 
#2 At-grade to interchange 0 
 
Database: ScienceDirect   Date: 4th January 2017 
search no. search terms / operators / combined queries hits 
#1 Convert junction 97000 
#2 At-grade to interchange 894 
#3 “Grade-separated junction” 792 
3.3 Results Literature Search 
 
Database Hits 
Scopus 6 
TRID 0 
ScienceDirect 792 
Total number of studies to screen title 798 
 
3.4 Screening 
The abstracts of relevant studies from the initial literature search results were examined to narrow the 
scope and to detect studies that would be more appropriate at a first stage. The abstracts gave hints 
as to whether the full text warranted close examination for coding and inclusion in the project. 
Total number of studies to screen title/ abstract 798 
-De-duplication 0 
-exclusion criteria A (not related to the topic/not relevant measure) 789 
-exclusion criteria B (part of meta-analysis) 0 
Remaining studies 9 
Not clear (full-text is needed) 9 
Studies to obtain full-texts 9 
 
3.5 Eligibility 
Total number of studies to screen full-text 9 
Full-text could be obtained 7 
Reference list examined Y/N Yes (+0 papers) 
Eligible papers prioritised  3 
 
3.6 Prioritising coding 
- Prioritising Step A (most recent studies) 
- Prioritising Step B (Journals over conferences and reports) 
- Prioritising Step C (Prestigious journals over other journals and conference papers) 
- Prioritising Step D (Studies from Europe) 
3.7 List of coded studies 
1. Amundsen, A. H., Elvik, R.; 2004. Effects on road safety of new urban arterial roads. 
Accident Analysis & Prevention, 36(1), 115-123. 
2. Auttakorn SALA; 2013. Assessment of Traffic Flow Benefits of Flyovers: A case study. 
Journal of Society for Transportation and Traffic Studies (JSTS), vol. 4, no. 3, pp. 1–9, 
2013. 
3. Høye, A.; 2014. Grade separated junctions. The Handbook of Road Safety Measures, 
Norwegian (online) version. 
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1 Summary 
 
 
Soteropoulos A. & Stadlbauer, S.; March 2017 
 
1.1 COLOUR CODE 
Light green: In general channelisation of junctions seems to reduce accident frequency. Differences 
between the effectiveness of different types of channelisation of junctions like left-turn lanes or 
right-turn lanes are different to quantify since outcomes were different in some cases. 
 
1.2 KEYWORDS 
channelisation; channelization; left-turn; right turn; segregation; traffic islands; markings; side road: 
passing lane; improve sight; driving patterns; right-of-way; intersection; junction 
 
1.3 ABSTRACT 
From the studies on the effect of channelisation of junctions on road safety, it seems that 
channelisation of junctions reduces accident frequency: most studies presented reductions in 
accident frequency that were statistically significant. Although some negative effects were 
presented in some studies, they were not statistically significant. Since some results regarding 
specific outcomes are diverse, differences between the effectiveness of left-turn lanes and of right-
turn lanes or between T-arms and crossroads are different to quantify. Research was mainly carried 
out in North America as well as in China and Australia. The transferability may be questioned 
because of potential regional characteristics. 
 
 
1.4 BACKGROUND 
1.4.1 What is channelisation? 
Channelisation of junctions is a physical measure of road safety to improve safety at intersections by 
traffic flow separation, sight improvement and the simplification of driving patterns and right-of-
way rules (Elvik et al. 2009). Channelisation can be carried out in two different ways: traffic streams 
can be segregated in a physical way by the use of curbed traffic islands or channelisation is induced 
by road markings. Furthermore, there are different types of channelisation. Probably the most 
frequent one is the left-turn channelisation, where an exclusive left-turn lane is provided. Due to 
that segregated lane, the left-turning vehicles are enabled to quickly clear the intersection approach 
(Gowri & Sivanandan 2008). Additionally, right-turn channelisation is a common treatment at 
intersections that is used for free-flow or nearly free-flow right-turn movements (Potts et al. 2013). 
Alternatively, passing lanes can be a form of channelisation. These lanes are provided for vehicles 
going straight, so that they can pass vehicles waiting for a left-turn. Hence, they are used as an 
alternative to left-turn lanes (Elvik et al. 2009). Moreover, the installation of center two-way left-
turn lanes (Persaud et al. 2007) and left-turn waiting areas (Jiang et al. 2016) – areas which are 
located beyond the stop bar and considered as the extension of an exclusive left-turn lane – are 
possible. 
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Figure 1. Junction channelisation before and after the installation of traffic islands on the main road 
– left (Yiannis et al. 2012), center two-way left-turn lanes – middle (Persaud et al. 2007) and left-turn 
waiting areas – right (Jiang et al. 2016) 
 
1.4.2 How does channelisation affect road safety? 
Channelisation provides separated lanes for different traffic flows. When – for instance – an 
exclusive left-turn lane is present, only the left-turning vehicles are delayed in waiting for an 
acceptable gap. If such a lane is not provided, these vehicles have to wait in the same area as 
through traffic in the same direction, which then also incurs at least some delay. At the same time 
vehicles going left and waiting for a gap in the oncoming traffic are exposed to a higher risk of being 
struck by a vehicle approaching from behind. Trying to avoid this risk might also induce drivers to 
accept insufficiently long gaps in the oncoming traffic, potentially increasing crash risk (Zhou et al. 
2010).  
These factors concern right-turn lanes too. Even if vehicles going right have right-of-way, crossing 
pedestrians or bicyclists may cause the vehicle to stop at the intersection. If there is no separated 
right-turn lane this also causes delay for vehicles going straight. For pedestrians, right-turn lanes can 
reduce the pedestrian crossing distance of major  streets even though it makes it necessary to cross 
two roadways if they are physically segregated. Additionally, a channelising island can serve as a 
refuge area for pedestrians or cyclists, especially when it is raised by curbs. It allows vulnerable road 
users to cross the street in two stages (Potts et al. 2013).  
 
1.4.3 Which safety outcomes are affected by channelisation? 
In the international literature, the effect of channelisation on road safety has been mostly measured 
on one basic outcome, namely accident frequency (number of crashes occurred). One study focused 
on the amount of more dangerous intersections and one on driver behaviour.  
 
1.4.4 How is the effect of channelisation studied? 
International literature indicated that the effect of channelisation on road safety is often examined 
by conducting before-after designs. These (quasi-)experimental methods are very suitable for 
measuring  crash occurrence. Some (quasi-)experiments using repeated measures (when improved 
intersections were compared to unimproved) were used investigating the effects of channelisation, 
whereas one quasi-experiment focused on the effects of left-turn waiting areas using digital 
cameras. One study developed crash reduction factors using a survey and a literature review and 
one used a negative binomial model including data of 347 intersections investigating safety effects 
 
before 
after 
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of exclusive left-turn lanes. Moreover, one study used a driving simulation recording kinematic 
measures.   
 
The studies identified focused on junctions on urban roads as well as  junctions on rural roads. Most 
research has been done in the United States but studies from Australia, Canada, China and a meta-
analysis from Norway were found as well.   
 
 
1.5 OVERVIEW RESULTS 
There were 11 studies coded for channelisation measures. Among those, one was a meta-analysis 
including studies focusing on the crash occurrence before and after the installation of left-turn or 
right-turn lanes and road side channelisation.  
 
1.5.1 Main results 
As mentioned above, there are different types of channelisation. Hence, different measures have to 
be evaluated separately. For example, there were studies only focusing on the implementation of 
left-turn lanes while other strictly focussed on left-turn waiting areas or right-turn lanes.  
 
The meta-analysis reports significant positive effects for left- and right-turn lanes at crossroads 
(percent change of accident frequency of -27% and -19% respectively), whereas T-arms were not 
influenced in a significant positive way. Furthermore, side road channelisation has no significant 
effects on road safety.  
 
The main findings of the remaining 10 original studies are: 
• There are many results indicating a significant positive effect of left-turn lanes. In addition, 
there are many statistically non-significant positive effects but also some showing negative 
effects.  
• Left-turn waiting areas also have significant positive effects on road safety. However, again 
there are non-significant positive as well as negative results. 
• For right-turn channelisation most of the results presented showed significant positive 
effects.  
• Especially center two-way left-turn lanes mainly lead to significant positive effects.  
• The studies focused on a lot of different outcome variations. For instance, the road network, 
crash type or injury severity might differ from design to design. Hence, it is very difficult to 
summarise the effect of channelisation in one paragraph. Furthermore, the different types 
of channelisation have to be considered. 
 
1.5.2 Transferability 
Overall, since 10 studies as well as a meta-analysis were found, the topic has been deeply studied. 
Results were primarily found for motor vehicle crashes. Even though there was one meta-analysis 
including studies from Europe, research was mainly carried out in North America as well as in China 
and Australia. The transferability may be questioned because of potential regional characteristics. 
 
1.6 NOTES ON ANALYSIS METHODS 
In general, the coded studies are of sufficient quality and are methodologically sound. However, 
some of the studies used only small samples for investigation. 
 
 
SafetyCube | Synopsis on type of channelisation | WP5  5 
 
SafetyCube | Synopsis on type of channelisation | WP5  6 
2 Scientific overview 
 
 
2.1 LITERATURE REVIEW 
2.1.1 Analysis of study designs and methods 
Overall ten high quality studies and one meta-analysis on channelisation were selected and coded. 
Out of them, seven studies as well as the meta-analysis focused on accident frequency. 
Furthermore, one study used the percentage of more dangerous or safer intersections, one study 
the maximum yaw, lateral acceleration and driving errors and one study the driving performance as 
outcome. 
Studies on accident frequency mostly deployed (quasi-)experimental methods. Mostly before-after 
designs (Høye 2013; Newstead & Corben 2001; Osama et al. 2016; Persaud et al. 2007; Rimiler et al. 
2003; Srinivasan et al. 2014) but also repeated measures (Classen et al. 2009) and the traffic-conflict 
technique within a quasi-experimental study (Jiang et al. 2016) were used. One study (Agent et al. 
1996) developed crash reduction factors using a survey and a literature review and another study 
(Ivan et al. 2009) used a negative binomial model. Moreover, one study (Shechtman et al. 2007) used 
a driving simulation recording kinematic measures.   
 
The studies identified focused on junctions on urban roads as well as  junctions on rural roads. Most 
research has been done in the United States but also studies from Australia, Canada, China and a 
meta-analysis from Norway including studies from Sweden, Finland, Norway and the United States 
were found. 
 
Table 1 illustrates an overview of the main features of coded studies (sample, method, outcome and 
results).  
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Table 1 Description of coded studies 
Author,  
Year, 
Country 
Sample, method/design  
and analysis 
 
Reference group Additional information 
on analysis 
Agent et al., 
1996; United 
States 
Development of accident reduction 
factors using a survey of numerous US 
states and a review of literature 
accident reduction 
factors associated 
with specific safety 
improvements 
- only presentation of accident 
reduction factors 
Classen et al., 
2009, United 
States 
Repeated measures experimental design 
including 8 intersections and 71 healthy 
drivers subjoined to young and old drivers 
Experiment with 
repeated measures 
examining the 
driving performance 
unimproved 
intersections in 
same road network 
Focus on urban (residential) 
and signalised intersections 
Høye, A., 
2013, Norway 
Meta-analysis including 8 studies using a 
before-after design   
Meta-analysis with 
random effects and 
fixed effects 
- Meta-analysis includes 
studies from Norway, 
Sweden, United States and 
Finland 
Ivan et al., 
2009, United 
States 
Repeated measures, quasi-experimental 
design including 3 to 21 unsignalised 
intersections in Connecticut, USA 
Negative binomial 
model percentage of 
dangerous 
intersections  
Intersections 
without left-turn 
lane 
Focus on urban and rural 
roads, T-arms and crossroads 
and 2 and 4 lanes,  
significantly safer and 
significantly more dangerous 
intersections investigated 
Jiang et al., 
2016, China 
Quasi-experimental study investigating 
the effects of left-turn waiting areas at 8 
signalised intersections in China 
Quasi-experiment 
focusing on post-
encroachment-time 
and occurrence of 
conflicts by the use 
of digital cameras 
Intersections 
without left-turn 
waiting area 
Focus on signalised 
intersections in an urban road 
network 
Newstead & 
Corben; 2001, 
Australia 
Observational, quasi-experimental, 
before-after analysis of 559 different sites 
before-after analysis 
of crash occurrence 
untreated 
intersections 
hazardous sites throughout 
Victoria 
Osama et al., 
2016, Canada 
Quasi-experimental crash modification 
functions for 12 signalised intersections 
with one or more left-turn lanes installed 
Before-after 
analysis, non-linear 
intervention full-
Bayes model 
untreated 
intersections 
Focus on signalised 
crossroads 
Persaud et al., 
2007, United 
States 
Quasi-experimental design investigating 
crash data of 144 sites in 4 different states 
in the USA 
Before-after 
analysis, empirical 
Bayes design 
untreated sites Focus on urban and rural 
roads 
Rimiller et al., 
2003, United 
States 
Quasi-experimental design investigating 
the effects of left-turn lane treatment at 
15 intersections in Connecticut (USA) 
Before-after analysis untreated sites Focus on urban roads 
Shechtman et 
al., 2007, 
United States 
Evaluation of intersection design on 
driving performance on urban, suburban 
and residential street networks including 
39 participants 
Driving simulation 
recording kinematic 
measures 
untreated 
intersections 
Focus on urban and suburban 
road and kinematic measures 
Srinivasan et 
al., 2014; 
United States 
Quasi-experimental design regarding 
signal installation with and without left-
turn lanes at 117 intersections in North 
Caroline (USA) 
Before-after 
analysis, empirical 
Bayes 
untreated 
intersections 
Focus on 3- and 3-legged 
intersections in rural and 
suburban road network (2 
lanes) 
 
 
2.1.2 Study results 
For channelisation in general (without any specifications) Newstead & Corben (2001) present an 
accident reduction of more than 36% which represents a statistically significant positive estimate on 
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road safety. Agent et al. (1996) investigating accident reduction factors associated with specific 
safety improvements detected a crash reduction of 25%, however no test for statistical significance 
was presented. 
 
Regarding left-turn channelisation, there were significant positive estimates for T-arms as well as for 
crossroads. Since many studies focused on different outcomes (different crash types, different crash 
severities etc.) a summary of the results would not be really representative.  
In her meta-analysis Høye (2013) presented a significant crash reduction of 27% after the 
implementation of left-turn lanes at crossroads, however, for T-arms the reduction was not 
significant. In addition, Osama et al. (2016) found the left-turn treatment to be more effective for 
severe than for non-severe collisions. Moreover, the results showed that the treatment effectiveness 
decreased over time for the post-treatment years for both severe and non-severe collisions. 
Persaud et al. (2007) conducted a before-after analysis and investigated the effects of the 
installation of center two-way left-turn lanes. Using crash data of 144 sites in 4 different states of the 
US, they found that the installation of center two-way left-turn lanes is more effective at rural 
intersections than at urban intersections. The difference was highly significant, except for Illinois. 
For urban installations, the safety effect was negligible, suggesting that potential sites in this 
environment should be very carefully selected and that further research might be necessary to 
identify circumstances most favourable for urban installations.  
 
Srinivasan et al. (2014) compared the effects of left-turn channelisation at T-arms and crossroads. 
The latter experienced a larger and significant reduction in total crashes. Furthermore, left-turn 
channelisation at T-arms and crossroads (individual and combined) had positive effects for injury 
and fatal crashes as well as for rear-end accidents. Overall, injury, fatal and rear end crashes 
benefited the most from channelisation in the form of left-turn lanes. Compared to left-turn 
channelisation at T-arms, left-turn channelisation at crossroads experienced a larger reduction in 
frontal impact crashes. At crossroads, a larger increase in rear-end crashes when left-turn lanes were 
not implemented but a smaller reduction in rear-end crashes when at least one left-turn lane was 
added were also observed. However, frontal impacts were not reduced by the addition of the left 
turn lanes.  
Furthermore, results of Agent et al. (1996) show a crash reduction due to left-turn lanes at 
intersections (with or without signal). When it comes to left- or right-turn related accidents this 
reduction is even higher.  However, it should be noted that no test for statistical significance and 
only the accident reduction factors (without methodical detail) are presented.  
In addition, Newstead & Corben (2001) indicate that left-turn lanes had a non-significant accident 
reduction of more than 21%. Also Rimiller et al. (2003) indicate a crash reduction due to the 
installation of left-turn lanes, however the estimates were statistically non-significant. The 
installation of left-turn lanes at unsignalised intersections experienced a greater crash reduction 
than at intersections with traffic signals and the installation of left-turn lanes at T-arms experienced 
a greater safety benefit than at crossroads. Furthermore left-turn lanes also performed better on 
main roads with two lanes than on sites with four lanes. It is unclear whether these differences 
should be explained by the specific site features or by the entering volumes of traffic. Regarding 
crash severity solely incapacitating and property damage only crashes experienced a crash reduction 
after left-turn lanes were installed. 
Ivan et al. (2009) used a quasi-experimental design with repeated measures investigating the effects 
of the installation of left-turn lanes on the percent change of more dangerous and safer 
intersections. Focusing on same-direction crashes (turning-same direction, sideswipe-same 
direction, rear-end) the percentage of more dangerous intersections decreases with left-turn lanes 
for all intersection types except for urban two-lane crossroads. For all intersection types, with the 
exception of urban four-lane crossroads, the percentage of safer intersections increases. When it 
comes to fatal and injury crashes the installation of left-turn lanes leads to less dangerous 
intersections, except for urban two-lane crossroads and urban four-lane T-arms. At the same time 
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the amount of safer intersections increases for rural two-lane T-arms and urban four-lane 
crossroads. However, the sample size was rather small for some intersection types. Details 
concerning the significance of results were only presented for single intersections; hence no 
significant conclusion can be made. 
 
Regarding right-turn channelisation, in her meta-analysis Høye (2013) presented a significant crash 
reduction of 19% after the implementation of right-turn lanes at crossroads, however for T-arms the 
reduction was not significant. Moreover, Agent et al. (1996) presented an accident reduction of 25% 
for all crashes and 50% for right-turn related crashes when right-turn lanes were installed. However, 
results were not statistically significant. In addition, Newstead & Corben (2001) presented a non-
significant crash reduction of almost 20% after right-turn lanes were installed. Details on 
intersection types were not mentioned. Furthermore Classen et al. (2009) suggest that right-turn 
channelisation and an acceleration lane might benefit both younger and older drivers, even though 
there was an interaction effect detected and the result is non-significant. No estimate was 
presented in this study. Shechtman et al. (2007) used a driving simulation investigating the effects of 
different infrastructure related measures. Manoeuvre 2 was the only right turn in the simulated 
drive. The road conditions in the improved intersection (right-turn channelisation and an 
acceleration lane at the intersection) showed decreases in maximum yaw and maximum lateral 
acceleration which means an improvement of the lateral control for both young and old drivers in a 
significant way. Also driving errors were reduced significantly. Considering age differences, it was 
found out that the maximum yaw and maximum lateral acceleration were greater for the younger 
drivers. With a larger sample the estimates might become statistically significant. 
 
When it comes to the effect of both left-turn and right-turn lanes, Høye (2013) showed a statistically 
significant crash reduction of 45% at crossroads. Results for T-arms were not significant. Also effects 
for side road channelisation were investigated, but these were not significant. 
 
Jiang et al. (2016) – focusing on left-turn waiting areas – indicate that the number of conflicts 
generally decreases at intersections with such areas. The difference between improved and 
unimproved intersections is statistically significant regarding conflicts between left-turning and the 
opposing through vehicles (66%). The estimates presented indicate that the number of conflicts is 
much smaller at improved intersections. A great advantage of left-turn waiting areas are the stop 
bars in the front of them. Since there is a clearance zone, conflicts between the left-turning vehicle 
and the opposing through traffic are reduced. Merging conflicts and other crashes were negatively 
influenced by left-turn waiting areas but not in a significant way. At the same time rear-end 
accidents were reduced and diverging crashes showed no differences (both non-significant).   
 
2.1.3 Description of analysis carried out 
Vote-count analysis 
Considering the number of studies with the relevant estimates is was decided that a vote-count 
analysis could be conducted. Table 2 gives an overview of the results of the analysis. Results show 
that channelisation has positive effects on accident frequency. For every single category, except for 
side road channelisation, channelisation leads to significant improvements. Even though a few 
estimates presented show a negative effect of channelisation on road safety, they were non-
significant. There could not be any differences between the effectiveness of left-turn lanes and 
right-turn lanes nor between T-arms and crossroads detected.    
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Table 2 Results of the vote-count analysis 
  
Total number of 
effects tested 
Result (number of 
effects)* 
  
Result (% of 
effects) 
    ↗ - ↘   ↗ ↘ 
Accident  
Frequency 
38 - 20 8 
 
0% 100% 
Channelisation (not specified) 2 - 1 1  0% 100% 
Left-turn channelisation 22 - 18 4  0% 100% 
Right-turn channelisation 5 - 4 1  0% 100% 
Left- and right-turn 
channelisation 
2 - 1 1 
 
0% 100% 
Side road channelisation 2 - 2 -  - - 
Left-turn waiting area 5 - 4 1  0 100% 
*Significant effects on road safety are coded as: positive (↘), negative (↗) or non-significant () 
 
As presented above, it can be summarised that channelisation has an overall positive effect on road 
safety.  The only inconclusive results were non-significant, hence, for channelisation, a light green 
colour code was chosen. 
 
2.2 CONCLUSION 
Studies on the effect of channelisation on road safety identified in the international literature 
focused mainly on accident frequency. In a few studies driving behaviour or the amount of more 
dangerous or safer intersections were used as an outcome variable.  
 
Regarding channelisation, in general, studies on accident frequency mostly show a reduction of 
crash occurrence. Those effects were often statistically significant. Even if there were also a few 
negative effects presented in some studies, they were not statistically significant.  
Since results regarding specific outcomes are different in some cases, neither any differences 
between the effectiveness of left-turn lanes and right-turn lanes nor between T-arms and crossroads 
can be summarised.   
 
Conducting a vote-count analysis the overall positive effect of channelisation on road safety can be 
emphasized. Since there were also inconclusive results (although non-significant) a light green 
colour code can be assigned to the measure.  
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3 Supporting document 
 
 
3.1 METHODOLOGY 
3.1.1 Literature Search strategy 
The Literature search was conducted in November and December 2016. It was carried out in four 
databases with similar search strategies. The following databases were browsed through during the 
literature search: ‘Scopus’, ‘Science Direct’, ‘TRID’ and ‘Taylor and Francis Online’. Detailed search 
terms, as well as their linkage with logical operators and combined queries are shown in the 
following tables. The study scope did not exclude countries or source types like “Journal” or 
“Project”. In some of the searches remaining studies were limited to subject areas (e.g. 
“Engineering”). Out of the overall 381 potentially eligible studies, after screening the abstracts of 
these 381 studies, from 26 the full-text was obtained, but only 1 study was coded and included in the 
synopsis. Other already known or during the literature search occasionally (e.g. via Google) found 
studies as well as studies found in the literature search for other topics and including effects for 
channelisation were added as additional studies (9). The reference lists of the studies were only 
partly checked. 
 
Table 3 Literature search strategy, database: Scopus 
search no. search terms / operators / combined queries hits 
#1 (TITLE-ABS-KEY ("channelisation" OR "channelization" OR "measure" 
OR "safety" ) AND TITLE-ABS-KEY ("intersection" OR "junction")) AND 
PUBYEAR > 1989 
15,633 
#2 (TITLE-ABS-KEY ("channelisation" OR "channelization" OR "measure") 
AND TITLE-ABS-KEY ("intersection" OR "junction")) AND PUBYEAR > 
1989 
9,597 
#3 TITLE-ABS-KEY ("channelisation" OR "channelization" AND "measure" 
OR "treatment" OR "countermeasure" OR "separation" OR "lane") AND 
TITLE-ABS-KEY ("intersection" OR "junction") AND PUBYEAR > 1989 
42 
 
 
Table 4 Literature search strategy, database: ScienceDirect 
search no. search terms / operators / combined queries hits 
#1 pub-date > 1989 and ("channelisation" OR "channelization") and 
("junction" OR "intersection") 
409 
#2 pub-date > 1989 and ("channelisation" OR "channelization" AND 
"measure" OR "effect") and ("junction" OR "intersection" AND "safety") 
97 
 
 
Table 5 Literature search strategy, database: TRID 
search no. search terms / operators / combined queries hits 
#1 "channelisation" OR "channelization" AND "junction" OR "intersection 9,252 
#2 "channelisation" OR "channelization" AND "junction" OR "intersection 
AND "treatment" (in: Pedestrians and Bicyclists, Safety and Human 
Factors, Transportation (General)) 
181 
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Table 6 Literature search strategy, database: Taylor & Francis Online 
search no. search terms / operators / combined queries hits 
#1 Search Everything (channelization OR channelisation) AND Abstract 
(junction OR intersection) and Keywords (traffic OR transportation) 
61 
 
Table 7 Results Literature Search 
Database Hits 
Scopus (remaining papers after several limitations/exclusions) 42 
Science Direct 97 
TRID 181 
Taylor & Francis Online 61 
Total number of studies to screen title/ abstract 381 
 
The final 11 studies included in the synopsis indicate that the topic has been investigated to a great 
extent. The prioritising criteria for coding were the following, however all studies codable and 
suitable for the topic were coded. 
 
- Prioritising Step A (e.g. meta-analysis first) 
- Prioritising Step B (most recent studies) 
- Prioritising Step C (Journals over conferences and reports) 
- Prioritising Step D (Prestigious journals over other journals and conference papers) 
 
One meta-analysis was found. 
 
3.1.2 Exploratory analysis of results 
Table 8 presents an overview of the main outcomes of the coded studies.  
 
Table 8 Main outcomes of coded studies on channelisation 
Author, 
Year, 
Country 
Exposure variable 
Outcome 
variable / 
Outcome type  
Effects Main outcome - description 
Agent et 
al., 1996; 
United 
States 
Channelisation at 
Intersection - General 
Crash count / All  percent accident 
reduction=25% 
Non-significant reduction of total 
crash occurrence due to 
channelisation at intersection in 
general 
Left Turn Lane - with 
Signal 
Crash count / All  percent accident 
reduction=25% 
Non-significant reduction of total 
crash occurrence due to adding a left 
turn lane with signal 
Left Turn Lane - with 
Signal 
Crash count / Left 
Turn Related 
 percent accident 
reduction=45% 
Non-significant reduction of left turn 
related crash occurrence due to 
adding a left turn lane with signal 
Left Turn Lane - without 
Signal 
Crash count / All  percent accident 
reduction=35% 
Non-significant reduction of total 
crash occurrence due to adding a left 
turn lane without signal 
Left Turn Lane - without 
Signal 
Crash count / Left 
Turn Related 
 percent accident 
reduction=50% 
Non-significant reduction of left turn 
related crash occurrence due to 
adding a left turn lane without signal 
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Author, 
Year, 
Country 
Exposure variable 
Outcome 
variable / 
Outcome type  
Effects Main outcome - description 
Right Turn Lane Crash count / All  percent accident 
reduction=25% 
Non-significant reduction of total 
crash occurrence due to adding a 
right turn lane without signal 
Right Turn Lane Crash count / Right 
Turn Related 
 percent accident 
reduction=50% 
Non-significant reduction of right 
turn related crash occurrence due to 
adding a right turn lane without 
signal 
Classen et 
al., 2009; 
United 
States 
Right turn with 
channelisation and 
acceleration lane  
Driving 
performance 
 - 
 
Benefits for both older and younger 
drivers although there was an 
interaction effect detected 
Høye, 2013, 
Norway 
Implementation of left-
turn lane 
Crash count / 
Crossroad 
↘ Percent change=-
27%, 95% CI 
Significant positive effect of left-turn 
lane at crossroads  on road safety 
Implementation of left-
turn lane 
Crash count / T-arm  Percent change=-
11% 
Non-significant positive effect of left-
turn lane at T-arms  on road safety 
Implementation of right-
turn lane 
Crash count / 
Crossroad 
↘ Percent change=-
19% 
Significant positive effect of right-
turn lane at crossroads  on road 
safety 
Implementation of right-
turn lane 
Crash count / T-arm  Percent change=-
22% 
Non-significant positive effect of 
right-turn lane at T-arms  on road 
safety 
Implementation of left-
turn lane and right-turn 
lane 
Crash count / 
Crossroad 
↘ Percent change=-
45% 
Significant positive effect of left-turn 
lane and right-turn lane at crossroads  
on road safety 
Implementation of left-
turn lane and right-turn 
lane 
Crash count / T-arm  Percent change=-
8% 
Non-significant positive effect of left-
turn lane and right-turn lane at T-
arms  on road safety 
Implementation of side 
road channelisation 
Crash count  Percent change=-
28% 
Non-significant positive effect of side 
road channelisation 
Implementation of side 
road channelisation 
Crash count  Percent 
change=11% 
Non-significant negative effect of 
side road channelisation 
Ivan et al., 
2009, 
United 
States 
Installation of left-turn 
lane 
Percent of more 
dangerous 
intersections / Same 
direction crashes 
 Percent change=-
8% 
Left-turn lanes lead to a reduction of 
dangerous  rural 2-lane T-arms 
Installation of left-turn 
lane 
Percent of more 
dangerous 
intersections/ Same 
direction crashes 
 Percent change=-
6% 
Left-turn lanes lead to a reduction of 
dangerous rural 2-lane crossroads 
Installation of left-turn 
lane 
Percent of more 
dangerous 
intersections/ Same 
direction crashes 
 Percent change=-
5% 
Left-turn lanes lead to a reduction of 
dangerous urban 2-lane T-arms 
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Author, 
Year, 
Country 
Exposure variable 
Outcome 
variable / 
Outcome type  
Effects Main outcome - description 
Installation of left-turn 
lane 
Percent of more 
dangerous 
intersections / Same 
direction crashes 
 Percent change=7% Left-turn lanes lead to an increase of 
dangerous urban 2-lane crossroads 
Installation of left-turn 
lane 
Percent of more 
dangerous 
intersections / Same 
direction crashes 
 Percent change=-
20% 
Left-turn lanes lead to a reduction of 
dangerous urban 4-lane T-arms 
Installation of left-turn 
lane 
Percent of more 
dangerous 
intersections / Same 
direction crashes 
 Percent change=-
23% 
Left-turn lanes lead to a reduction of 
dangerous urban 4-lane crossroads 
Installation of left-turn 
lane 
Percent of safer  
intersections / Same 
direction crashes 
 Percent change=3% Left-turn lanes lead to an increase of 
safe rural 2-lane T-arms 
Installation of left-turn 
lane 
Percent of safer  
intersections / Same 
direction crashes 
 Percent 
change=98% 
Left-turn lanes lead to an increase of 
safe rural 2-lane crossroads 
Installation of left-turn 
lane 
Percent of safer  
intersections / Same 
direction crashes 
 Percent 
change=33% 
Left-turn lanes lead to an increase of 
safe urban 2-lane T-arms 
Installation of left-turn 
lane 
Percent of safer  
intersections / Same 
direction crashes 
 Percent change=7% Left-turn lanes lead to an increase of 
safe urban 2-lane crossroads 
Installation of left-turn 
lane 
Percent of safer  
intersections / Same 
direction crashes 
 Percent 
change=27% 
Left-turn lanes lead to an increase of 
safe urban 4-lane T-arms 
Installation of left-turn 
lane 
Percent of safer  
intersections / Same 
direction crashes 
 Percent change=-
7% 
Left-turn lanes lead to a reduction of 
safe urban 4-lane crossroads 
Installation of left-turn 
lane 
Percent of more 
dangerous 
intersections / fatal 
and injury 
 Percent change=-
12% 
Left-turn lanes lead to a reduction of 
dangerous rural 2-lane T-arms 
Installation of left-turn 
lane 
Percent of more 
dangerous 
intersections / fatal 
and injury 
 Percent change=-
10% 
Left-turn lanes lead to a reduction of 
dangerous rural 2-lane crossroads 
Installation of left-turn 
lane 
Percent of more 
dangerous 
intersections / fatal 
and injury 
 Percent 
change=11% 
Left-turn lanes lead to an increase of 
dangerous urban 2-lane crossroads 
Installation of left-turn 
lane 
Percent of more 
dangerous 
intersections / fatal 
and injury 
 Percent change=5% Left-turn lanes lead to an increase of 
dangerous urban 4-lane T-arms 
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Author, 
Year, 
Country 
Exposure variable 
Outcome 
variable / 
Outcome type  
Effects Main outcome - description 
Installation of left-turn 
lane 
Percent of more 
dangerous 
intersections / fatal 
and injury 
 Percent change=-
13% 
Left-turn lanes lead to a reduction of 
dangerous urban 4-lane crossroads 
Installation of left-turn 
lane 
Percent of safer 
intersections / fatal 
and injury 
 Percent change=4% Left-turn lanes lead to an increase of 
safe rural 2-lane T-arms 
Installation of left-turn 
lane 
Percent of safer 
intersections / fatal 
and injury 
 Percent change=-
2% 
Left-turn lanes lead to a reduction of 
safe rural 2-lane crossroads 
Installation of left-turn 
lane 
Percent of safer 
intersections / fatal 
and injury 
 Percent change=-
16% 
Left-turn lanes lead to a reduction of 
safe urban 2-lane crossroads 
Installation of left-turn 
lane 
Percent of safer 
intersections / fatal 
and injury 
 Percent change=-
4% 
Left-turn lanes lead to a reduction of 
safe urban 4-lane T-arms 
Installation of left-turn 
lane 
Percent of safer 
intersections / fatal 
and injury 
 Percent change=3% Left-turn lanes lead to an increase of 
safe urban 4-lane crossroads 
Jiang et al., 
2016, China 
Implementation of left-
turn waiting area 
Crash count / Left-
turn and opposite 
through 
↘ Relative 
difference=-
66.66%, p<0.001 
Significant positive effect of left-turn 
waiting area on conflicts between 
left-turning vehicle and vehicle going 
through intersection 
Implementation of left-
turn waiting area 
Crash count / 
Merging 
 Relative 
difference=16666%, 
p=0.35 
Non-significant negative effect of 
left-turn waiting area on merging 
conflicts 
Implementation of left-
turn waiting area 
Crash count / Rear-
end 
 Relative 
difference=-23.81%, 
p=0.267 
Non-significant positive effect of left-
turn waiting area on rear-end 
conflicts 
Implementation of left-
turn waiting area 
Crash count / 
Diverging 
 Relative 
difference=0 
No effect between intersections with 
and without left-turn waiting area 
Implementation of left-
turn waiting area 
Crash count / 
Others 
 Relative 
difference=100%, 
p=0.759 
Non-significant negative effect of 
left-turn waiting areas on other 
crashes 
Newstead 
& Corben, 
2001, 
Australia 
Channelisation (no 
further information 
presented) 
Crash count / All ↘ Percent accident 
reduction=36,37%, 
p=0.0075 
Significant positive effect of 
channelisation on road safety 
Left-turn lane (no further 
information presented) 
Crash count / All  Percent accident 
reduction=21.26%, 
p=0.3949 
Non-significant positive effect of left-
turn lane on road safety 
Right-turn lane (no 
further information 
presented) 
Crash count / All  Percent accident 
reduction=19.64%, 
p=0.2305 
Non-significant positive effect of 
right-turn lane on road safety 
Osama et 
al., 2016, 
Canada 
Installation of one or 
more left-turn lanes 
Crash count / Fatal 
& Injury 
↘ percent accident 
reduction=27.3% 
Significant reduction of fatal and 
injury crashes after installation of one 
or more left-turn lanes at crossroad 
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Author, 
Year, 
Country 
Exposure variable 
Outcome 
variable / 
Outcome type  
Effects Main outcome - description 
Installation of one or 
more left-turn lanes 
Crash count / 
Property damage 
only 
 percent accident 
reduction=3.6% 
Non-significant reduction of property 
damage only crashes after 
installation of one or more left-turn 
lanes at crossroad 
Installation of one or 
more left-turn lanes 
Crash count / All ↘ percent accident 
reduction=15.9% 
Significant reduction of total crashes 
after installation of one or more left-
turn lanes at crossroad 
Persaud et 
al., 2007, 
United 
States 
Installation of centre 
two-way left-turn lanes 
Crash count / All  ↘ percent accident 
reduction=29.1% 
Significant positive effect of 
installation of centre two-way left-
turn lanes on all crashes on rural 
roads in Arkansas, California, Illinois 
and North Carolina 
Installation of centre 
two-way left-turn lanes 
Crash count / Injury ↘ percent accident 
reduction=19.1% 
Significant positive effect of 
installation of centre two-way left-
turn lanes on injury crashes on rural 
roads in Arkansas, California, Illinois 
and North Carolina 
Installation of centre 
two-way left-turn lanes 
Crash count / Rear-
end 
↘ percent accident 
reduction=36.2% 
Significant positive effect of 
installation of centre two-way left-
turn lanes on rear-end crashes on 
rural roads in Arkansas, California, 
Illinois and North Carolina 
Installation of centre 
two-way left-turn lanes 
Crash count / All ↘ percent accident 
reduction=51.2% 
Significant positive effect of 
installation of centre two-way left-
turn lanes on all crashes on rural 
roads in Arkansas 
Installation of centre 
two-way left-turn lanes 
Crash count / All  percent accident 
reduction=3.8% 
Non-significant positive effect of 
installation of centre two-way left-
turn lanes on all crashes on urban 
roads in Arkansas 
Installation of centre 
two-way left-turn lanes 
Crash count / All ↘ percent accident 
reduction=50.8% 
Significant positive effect of 
installation of centre two-way left-
turn lanes on all crashes on rural 
roads in California 
Installation of centre 
two-way left-turn lanes 
Crash count / All  percent accident 
reduction=-2.8% 
Non-significant negative effect of 
installation of centre two-way left-
turn lanes on all crashes on urban 
roads in California 
Installation of centre 
two-way left-turn lanes 
Crash count / All  percent accident 
reduction=16.7% 
Non-significant positive effect of 
installation of centre two-way left-
turn lanes on all crashes on rural 
roads in Illinois 
Installation of centre 
two-way left-turn lanes 
Crash count / All  percent accident 
reduction=9.4% 
Non-significant positive effect of 
installation of centre two-way left-
turn lanes on all crashes on urban 
roads in Illinois 
Installation of centre 
two-way left-turn lanes 
Crash count / All ↘ percent accident 
reduction=27.3% 
Significant positive effect of 
installation of centre two-way left-
turn lanes on all crashes on rural 
roads in North Carolina 
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Author, 
Year, 
Country 
Exposure variable 
Outcome 
variable / 
Outcome type  
Effects Main outcome - description 
Installation of centre 
two-way left-turn lanes 
Crash count / All  percent accident 
reduction=-5% 
Non-significant negative effect of 
installation of centre two-way left-
turn lanes on all crashes on urban 
roads in North Carolina 
Rimiller et 
al., 2003, 
United 
States 
Installation of left-turn 
lane 
Crash count / same 
direction 
 percent accident 
reduction=61% 
Non-significant positive effect of left-
turn lanes on same direction crashes 
at intersections with no signal 
Installation of left-turn 
lane 
Crash count / 
intersecting 
direction with one 
vehicle making left 
turn 
 percent accident 
reduction=25% 
Non-significant positive effect of left-
turn lanes on intersecting direction 
crashes with one vehicle making left 
turn at intersections with no signal 
Installation of left-turn 
lane 
Crash count / 
intersecting 
direction with no 
vehicle making left 
turn 
 percent accident 
reduction=45% 
Non-significant positive effect of left-
turn lanes on intersecting direction 
crashes with no vehicle making left 
turn at intersections with no signal 
Installation of left-turn 
lane 
Crash count / 
opposite direction 
 percent accident 
reduction=60% 
Non-significant positive effect of left-
turn lanes on opposite direction 
crashes at intersections with no 
signal 
Installation of left-turn 
lane 
Crash count / Other  percent accident 
reduction=-11% 
Non-significant negative effect of 
left-turn lanes on other crashes at 
intersections with no signal 
Installation of left-turn 
lane 
Crash count / All  percent accident 
reduction=58% 
Non-significant positive effect of left-
turn lanes on all crashes at 
intersections with no signal 
Installation of left-turn 
lane 
Crash count / same 
direction 
 percent accident 
reduction=-16% 
Non-significant negative effect of 
left-turn lanes on same direction 
crashes at signalised intersections  
Installation of left-turn 
lane 
Crash count / 
intersecting 
direction with one 
vehicle making left 
turn 
 percent accident 
reduction=-21.2% 
Non-significant negative effect of 
left-turn lanes on intersecting 
direction crashes with one vehicle 
making left turn at signalised 
intersections 
Installation of left-turn 
lane 
Crash count / 
intersecting 
direction with no 
vehicle making left 
turn 
 percent accident 
reduction=18% 
Non-significant positive effect of left-
turn lanes on intersecting direction 
crashes with no vehicle making left 
turn at signalised intersections 
Installation of left-turn 
lane 
Crash count / 
opposite direction 
 percent accident 
reduction=34% 
Non-significant positive effect of left-
turn lanes on opposite direction 
crashes at signalised intersections 
Installation of left-turn 
lane 
Crash count / Other  percent accident 
reduction=21% 
Non-significant positive effect of left-
turn lanes on other crashes at 
signalised intersections 
Installation of left-turn 
lane 
Crash count / All  percent accident 
reduction=17% 
Non-significant positive effect of left-
turn lanes on all crashes at signalised 
intersections 
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Author, 
Year, 
Country 
Exposure variable 
Outcome 
variable / 
Outcome type  
Effects Main outcome - description 
Installation of left-turn 
lane 
Crash count / same 
direction 
 percent accident 
reduction=44% 
Non-significant positive effect of left-
turn lanes on same direction crashes 
at T-arms 
Installation of left-turn 
lane 
Crash count / 
intersecting 
direction with one 
vehicle making left 
turn 
 percent accident 
reduction=12% 
Non-significant positive effect of left-
turn lanes on intersecting direction 
crashes with one vehicle making left 
turn at T-arms 
Installation of left-turn 
lane 
Crash count / 
intersecting 
direction with no 
vehicle making left 
turn 
 percent accident 
reduction=43% 
Non-significant positive effect of left-
turn lanes on intersecting direction 
crashes with no vehicle making left 
turn at T-arms 
Installation of left-turn 
lane 
Crash count / 
opposite direction 
 percent accident 
reduction=51% 
Non-significant positive effect of left-
turn lanes on opposite direction 
crashes at T-arms 
Installation of left-turn 
lane 
Crash count / Other  percent accident 
reduction=-17% 
Non-significant negative effect of 
left-turn lanes on other crashes at T-
arms 
Installation of left-turn 
lane 
Crash count / All  percent accident 
reduction=52% 
Non-significant positive effect of left-
turn lanes on all crashes at T-arms 
Installation of left-turn 
lane 
Crash count / same 
direction 
 percent accident 
reduction=-13% 
Non-significant negative effect of 
left-turn lanes on same direction 
crashes at crossroads 
Installation of left-turn 
lane 
Crash count / 
intersecting 
direction with one 
vehicle making left 
turn 
 percent accident 
reduction=-18% 
Non-significant negative effect of 
left-turn lanes on intersecting 
direction crashes with one vehicle 
making left turn at crossroads 
Installation of left-turn 
lane 
Crash count / 
intersecting 
direction with no 
vehicle making left 
turn 
 percent accident 
reduction=16% 
Non-significant positive effect of left-
turn lanes on intersecting direction 
crashes with no vehicle making left 
turn at crossroads 
Installation of left-turn 
lane 
Crash count / 
opposite direction 
 percent accident 
reduction=37% 
Non-significant positive effect of left-
turn lanes on opposite direction 
crashes at crossroads 
Installation of left-turn 
lane 
Crash count / Other  percent accident 
reduction=28% 
Non-significant positive effect of left-
turn lanes on other crashes at 
crossroads 
Installation of left-turn 
lane 
Crash count / All  percent accident 
reduction=17% 
Non-significant positive effect of left-
turn lanes on all crashes at crossroads 
Installation of left-turn 
lane 
Crash count / same 
direction 
 percent accident 
reduction=39% 
Non-significant positive effect of left-
turn lanes on same direction crashes 
at 2-lane intersection 
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Author, 
Year, 
Country 
Exposure variable 
Outcome 
variable / 
Outcome type  
Effects Main outcome - description 
Installation of left-turn 
lane 
Crash count / 
intersecting 
direction with one 
vehicle making left 
turn 
 percent accident 
reduction=27% 
Non-significant positive effect of left-
turn lanes on intersecting direction 
crashes with one vehicle making left 
turn at 2-lane intersection 
Installation of left-turn 
lane 
Crash count / 
intersecting 
direction with no 
vehicle making left 
turn 
 percent accident 
reduction=32% 
Non-significant positive effect of left-
turn lanes on intersecting direction 
crashes with no vehicle making left 
turn at 2-lane intersection 
Installation of left-turn 
lane 
Crash count / 
opposite direction 
 percent accident 
reduction=57% 
Non-significant positive effect of left-
turn lanes on opposite direction 
crashes at 2-lane intersection 
Installation of left-turn 
lane 
Crash count / Other  percent accident 
reduction=-17% 
Non-significant negative effect of 
left-turn lanes on other crashes at 2-
lane intersection 
Installation of left-turn 
lane 
Crash count / All  percent accident 
reduction=38% 
Non-significant positive effect of left-
turn lanes on all crashes at 2-lane 
intersection 
Installation of left-turn 
lane 
Crash count / same 
direction 
 percent accident 
reduction=-16% 
Non-significant negative effect of 
left-turn lanes on same direction 
crashes at 4-lane intersection 
Installation of left-turn 
lane 
Crash count / 
intersecting 
direction with one 
vehicle making left 
turn 
 percent accident 
reduction=-34% 
Non-significant negative effect of 
left-turn lanes on intersecting 
direction crashes with one vehicle 
making left turn at 4-lane 
intersection 
Installation of left-turn 
lane 
Crash count / 
intersecting 
direction with no 
vehicle making left 
turn 
 percent accident 
reduction=47% 
Non-significant positive effect of left-
turn lanes on intersecting direction 
crashes with no vehicle making left 
turn at 4-lane intersections 
Installation of left-turn 
lane 
Crash count / 
opposite direction 
 percent accident 
reduction=31% 
Non-significant positive effect of left-
turn lanes on opposite direction 
crashes at 4-lane intersection 
Installation of left-turn 
lane 
Crash count / Other  percent accident 
reduction=34% 
Non-significant positive effect of left-
turn lanes on other crashes at 4-lane 
intersection 
Installation of left-turn 
lane 
Crash count / All  percent accident 
reduction=25% 
Non-significant positive effect of left-
turn lanes on all crashes at 4-lane 
intersection 
Installation of left-turn 
lane 
Crash count / Fatal  Relative 
difference=-0.3% 
Non-significant negative effect of 
left-turn lanes on fatal crashes 
Installation of left-turn 
lane 
Crash count / 
incapacitating 
 Relative 
difference=3.6% 
Non-significant positive effect of left-
turn lanes on incapacitating crashes 
SafetyCube | Synopsis on type of channelisation | WP5  20 
Author, 
Year, 
Country 
Exposure variable 
Outcome 
variable / 
Outcome type  
Effects Main outcome - description 
Installation of left-turn 
lane 
Crash count / non-
incapacitating 
 Relative 
difference=-1.4% 
Non-significant negative effect of 
left-turn lanes on non-incapacitating 
crashes 
Installation of left-turn 
lane 
Crash count / 
reported but readily 
non-visible injury 
 Relative 
difference=-2.2% 
Non-significant negative effect of 
left-turn lanes on reported but readily 
non-visible injury crashes 
Installation of left-turn 
lane 
Crash count / 
property damage 
only 
 Relative 
difference=0.1% 
Non-significant positive effect of left-
turn lanes on property damage only 
crashes 
Shechtman 
et al., 2007, 
United 
States 
Right-turn channelisation 
with acceleration lane 
Maximum yaw 
(radians/sec) 
↘ F test=27.63, p<0.01 Significant positive effect of right-
turn channelisation with acceleration 
lane on maximum yaw 
Right-turn channelisation 
with acceleration lane 
Maximum lateral 
acceleration (g) 
↘ F test=8.92, p<0.01 Significant positive effect of right-
turn channelisation with acceleration 
lane on maximum lateral acceleration 
Right-turn channelisation Driving errors ↘ r=96, p=0.01 Significant positive effect of right-
turn channelisation with acceleration 
lane on driving errors 
Srinivasan 
et al., 2014, 
United 
States 
Implementation of left-
turn lane 
Crash count / All, 3-
legged intersection 
↘ CMF=0.748, 
SE=0.095 
Significant positive effect of left-turn 
lane on all crashes at 3-legged 
intersections 
Implementation of left-
turn lane 
Crash count / All, 4-
legged intersection 
 CMF=0.924, 
SE=0.07 
Non-significant positive effect of left-
turn lane on all crashes at 4-legged 
intersections 
Implementation of left-
turn lane 
Crash count / All, 3- 
and 4-legged 
intersection 
 CMF=0.876, 
SE=0.066 
Non-significant positive effect of left-
turn lane on all crashes at 3-legged 
and 4-legged intersections 
Implementation of left-
turn lane 
Crash count / Injury 
and fatal, 3-legged 
intersection 
↘ CMF=0.566, 
SE=0.113 
Significant positive effect of left-turn 
lane on injury and fatal crashes at 3-
legged intersections 
Implementation of left-
turn lane 
Crash count / Injury 
and fatal, 4-legged 
intersection 
↘ CMF=0.799, 
SE=0.089 
Significant positive effect of left-turn 
lane on injury and fatal crashes at 4-
legged intersections 
Implementation of left-
turn lane 
Crash count / Injury 
and fatal, 3- and 4-
legged intersection 
↘ CMF=0.744, 
SE=0.071 
Significant positive effect of left-turn 
lane on injury and fatal crashes at 3-
legged intersections and 4-legged 
intersections 
Implementation of left-
turn lane 
Crash count / Rear-
end, 3-legged 
intersection 
↘ CMF=0.412, 
SE=0.079 
Significant positive effect of left-turn 
lane on rear-end crashes at 3-legged 
intersections 
Implementation of left-
turn lane 
Crash count / Rear-
end, 4-legged 
intersection 
↘ CMF=0.555, 
SE=0.079 
Significant positive effect of left-turn 
lane on rear-end crashes at 4-legged 
intersections 
Implementation of left-
turn lane 
Crash count / Rear-
end, 3- and 4-
legged intersection 
↘ CMF=0.494, 
SE=0.059 
Significant positive effect of left-turn 
lane on rear-end crashes at 3-legged 
intersections and 4-legged 
intersections 
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Author, 
Year, 
Country 
Exposure variable 
Outcome 
variable / 
Outcome type  
Effects Main outcome - description 
Implementation of left-
turn lane 
Crash count / 
Frontal impact type 
1, 3-legged 
intersection 
 CMF=1.02, SE=0.23 Non-significant negative effect of 
left-turn lane on frontal impact type 1 
crashes (left turn same roadway, left 
turn different roadway, angle) at 3-
legged intersections 
Implementation of left-
turn lane 
Crash count / 
Frontal impact type 
1, 4-legged 
intersection 
 CMF=0.879, 
SE=0.101 
Non-significant positive effect of left-
turn lane on frontal impact type 1 
crashes (left turn same roadway, left 
turn different roadway, angle) at 4-
legged intersections 
Implementation of left-
turn lane 
Crash count / 
Frontal impact type 
1, 3- and 4-legged 
intersection 
 CMF=0.916, 
SE=0.101 
Non-significant positive effect of left-
turn lane on frontal impact type 1 
crashes (left turn same roadway, left 
turn different roadway, angle) at 3-
legged intersections and 4-legged 
intersections 
Implementation of left-
turn lane 
Crash count / 
Frontal impact type 
2, 3-legged 
intersection 
 CMF=1.086, 
SE=0.225 
Non-significant negative effect of 
left-turn lane on frontal impact type 2 
crashes (left turn same roadway, left 
turn different roadway, angle, right 
turn same roadway, right turn 
different roadway, sideswipe 
opposite direction, head-on) at 3-
legged intersections 
Implementation of left-
turn lane 
Crash count / 
Frontal impact type 
2, 4-legged 
intersection 
 CMF=1.016, 
SE=0.108 
Non-significant negative effect of 
left-turn lane on frontal impact type 2 
crashes (left turn same roadway, left 
turn different roadway, angle, right 
turn same roadway, right turn 
different roadway, sideswipe 
opposite direction, head-on) at 4-
legged intersections 
Implementation of left-
turn lane 
Crash count / 
Frontal impact type 
2, 3- and 4-legged 
intersection 
 CMF=1.046, 
SE=0.107 
Non-significant negative effect of 
left-turn lane on frontal impact type 2 
crashes (left turn same roadway, left 
turn different roadway, angle, right 
turn same roadway, right turn 
different roadway, sideswipe 
opposite direction, head-on) at 3-
legged intersections and 4-legged 
intersections 
   *Significant effects on road safety are coded as: positive (↘), negative (↗) or non-significant () 
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1 Summary 
  
 
Soteropoulos, A. & Stadlbauer, S., March 2017 
 
1.1 COLOUR CODE 
Green: Sight distance treatments at junctions seem to reduce crash occurrence. In addition, mostly 
positive effects on driver behaviour (e.g. decrease in drivers’ speed) can be seen, however, one was 
significantly negative. Also intended sight obstructions might have positive effects on driver 
behaviour. As there was only one significant negative effect presented for an indirect variable on 
road safety (which was possibly provided by a sense of security after installation of a specific 
measure) a green colour code was assigned. 
 
1.2 KEYWORDS 
junction; intersection; sight distance; improvement; sight conditions, field of view 
 
1.3 ABSTRACT 
From the studies on the effect of sight distance treatments on road safety, it appears that sight From 
the studies on the effect of sight distance treatments on road safety, it appears that sight distance 
improvements in general reduce crash occurrence. Moreover, studies on driver behaviour show that 
specific measures improve sight conditions: left-turn offsets or active visual warning systems for 
entering vehicles have positive effects on road safety (e.g. decrease in drivers’ speed), whereas 
similar effects are also possible with intended sight obstructions. Different kinds of warning signs 
were tested: (1) Vehicle activated warning signs and (2) standard static signs. The effects were 
mainly measured comparing crash counts and driving behaviour. Modifying effects regarding 
drivers’ age were not found. As most of the studies were carried out in the United States, the 
transferability might be problematic. However, a European meta-analysis was included. 
 
1.4 BACKGROUND 
1.4.1 What are sight distance treatments? 
Sight distance treatments at junctions refer to the improvement of sight conditions, especially 
regarding the junction sight triangles – imaginary lines formed by a driver’s sight line to an 
approaching vehicle (Schurr & Sitorius 2010). Sight condition improvements at junctions include the 
elimination of fixed objects in medians or at junction corners, changing the horizontal or vertical 
curvature of the roadway (construction measures) or cutting overgrown brush or other vegetation 
(Poch & Mannering 1996). Moreover, traffic mirrors and additional warning signs/systems that 
actively detect vehicles on all approaches and active visual warning signs for the conflicting 
movements (e.g. Advanced LED Warning Systems) are installed (Weidemann et al. 2011). At 
junctions with turn lanes where the turning driver's view of oncoming opposing through-traffic is 
likely to be limited by the presence of another turning vehicle in the opposing turn lane, sight 
conditions are also often improved by offsetting opposing turn lanes (Hutton et al. 2015). 
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Figure 1. Example of junction sight triangle – left (Schurr & Sitorius 2010), active visual warning 
system with visual warning signs for entering vehicles – middle (Bradshaw et al. 2013), and offset of 
opposing left turning lanes – right (Hutton et al. 2015) 
 
1.4.2 How do sight distance treatments affect road safety? 
Sight distance affects the time it takes a driver to brake and stop the vehicle (Elvik et al. 2009). 
Improving sight conditions at intersections increases the time available for a driver to identify a 
vehicle, make a decision and react (Belluz et al. 2006). Rectifying sight distance obstructions could 
improve safety at intersections, at least concerning older drivers with slower reaction times (Schurr 
& Sitorius 2010). However, road users adapt their behaviour to the sight conditions at intersections 
and are particularly careful when visibility is poor (Elvik et al. 2009). 
 
1.4.3 Which safety outcomes are affected by sight distance treatments? 
In the international literature, the effect of sight distance treatments on road safety has been twice 
measured by accident frequency (number of crashes occurred). Many studies focused on other 
outcomes, such as the average speed, driving behaviour, field of view, lateral acceleration or roll-
throughs.  
 
 
1.4.4 How is the effect of sight distance treatments studied? 
Two studies of the international literature examined the effect of sight distance treatments 
conducting a before-after design. These (quasi-)experimental methods are very suitable regarding 
crash occurrence. One study developed crash reduction factors associated with specific measures. 
Four designs used an experimental design focusing on driving behaviour, while  a driving simulation 
was also used for investigating the effects of sight distance treatments.  
The studies identified focused both on urban and rural intersections. Some of them limited their 
design to specific intersection types (e.g. T-arms or staggered intersections).  
Most research has been done in the United States, but a study from Australia and New Zealand, as 
well as a meta-analysis from Norway were also found. 
 
 
1.5 OVERVIEW RESULTS 
There were 9 studies coded for sight distance treatments. Among those, one was a meta-analysis 
including studies focusing on the crash occurrence before and after the improvement of sight 
distance.  
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1.5.1 Main results 
As already mentioned above, there are different measures regarding sight distance treatments. 
Therefore, separate consideration is needed. For instance, there were studies focusing on the effects 
of left-turn lane offsets, whereas others looked at Advanced LEDs Warning Systems.  
The meta-analysis reports significant positive effects for all crashes (-12%) and property damage only 
crashes (-16%) after sight distance improvements were implemented. The reduction of 3% in injury 
crashes, however, was non-significant. 
The main findings of the remaining eight original studies are:  
• A left-turn offset leads to a significant positive effect on the drivers’ maximum yaw 
(radians/sec). 
• A (intended) sight obstruction (screen treatment on minor road) leads to significant 
reduction of mean speed and has significantly positive effects on the identification of a 
target vehicle.  
• In one study the installation of an ALWS (Advanced LEDs Warning System) showed a 
statistically significant positive effect on the average speed on the main road, whereas 
another study on ALWS presented the opposite.  
• An ALWS leads to a significant reduction of mean speed driven on the main road during 
conflict situations.  
• Furthermore, they also have significant positive influence on the average waiting time on 
the minor road.  
• Blinking LEDs lead to significantly less roll-throughs on the minor road.  
 
1.5.2 Transferability 
Overall, since 8 studies as well as a meta-analysis were found, the topic has been studied to an 
adequate extent. Research mainly focused on crashes with motor vehicles. Even though there was 
one meta-analysis added, including studies from Europe, research was mainly carried out in the 
United States, Australia and New Zealand. The transferability may be questioned because of 
potential regional characteristics.  
 
1.6 NOTES ON ANALYSIS METHODS 
In general, the coded studies are of sufficient quality and methodologically sound. However, some 
of the studies used only small samples for investigation.  
 
Overall, since 8 studies as well as a meta-analysis were found, the topic has been studied to an 
adequate extent. Research mainly focused on crashes with motor vehicles. Even though there was 
one meta-analysis added, including studies from Europe, research was mainly carried out in the 
United States, Australia and New Zealand. The transferability may be questioned because of 
potential regional characteristics.  
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2 Scientific overview 
 
2.1 LITERATURE REVIEW 
2.1.1 Analysis of study designs and methods 
Overall eight high quality studies and one meta-analysis on sight distance treatments were selected 
and coded. Out of them two studies, as well as the meta-analysis, focused on accident frequency. 
Five studies investigated driving behaviour whereas one study focused on sight obstruction and the 
length of gaps when turning left. Studies on sight distance treatments mostly deployed (quasi-) 
experimental methods. Two studies (Bradshaw et al. 2013; Charlton 2003) as well as the meta-
analysis (Høye 2008) used a before-after design. Four studies (Classen et al. 2009; Hutton et al. 2015; 
Shechtman et al. 2007; Weidemann et al. 2011) used an experimental design focusing on driving 
behaviour, while a driving simulation (Kwon & Ismail 2014) was also used in investigating sight 
distance treatments. One study (Agent et al. 1996) developed crash reduction factors associated 
with specific measures. 
The studies identified focused both on urban and rural intersections. Some of them limited their 
design to specific intersection types (e.g. T-arms or staggered intersections).  
Most research has been done in the United States, but a study from Australia and New Zealand, as 
well as a meta-analysis from Norway, including studies from Finland, Norway and the United States 
were also found. 
 
Table 1 illustrates an overview of the main features of coded studies (sample, method, etc.). 
 
Table 1 Description of coded studies 
Author,  
Year, 
Country 
Sample, method/design  
and analysis 
 
Reference 
group 
Additional information 
on analysis 
Agent et al., 
1996; United 
States 
Development of accident reduction 
factors using a survey of numerous US 
states and a review of literature 
Accident reduction 
factors associated with 
specific safety 
improvements 
- only presentation of accident 
reduction factors 
Bradshaw et 
al., 2013, 
Australia 
Investigation of vehicle activated signs at 
high risk, rural and sign controlled T-
intersections with sight restriction 
Before-after analysis of 
mean speed and crash 
occurrence 
- Focus on six rural T-
intersections 
Charlton, 
2003, New 
Zealand 
Study of the effectiveness of sight 
restricting screen treatment on minor 
road at a staggered intersection  
Before-after analysis of 
approach speeds and 
drivers’ traffic detection 
rates 
- Focus on one rural staggered 
intersection 
Classen et al., 
2009, United 
States 
Repeated measures experimental design 
including 8 intersections and 71 healthy 
drivers subjoined to young and old drivers 
Experiment with 
repeated measures 
examining the driving 
performance 
unimproved 
intersections in 
same road 
network 
Focus on urban (residential) 
and signalised intersections 
Høye 2008; 
Norway 
Meta-analysis including 6 studies using a 
case control before-after design with 
fixed and random effects   
Meta-analysis with 
random effects and fixed 
effects 
- Meta-analysis includes 
studies from Finland, Norway 
and the United States 
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Author,  
Year, 
Country 
Sample, method/design  
and analysis 
 
Reference 
group 
Additional information 
on analysis 
Hutton et al., 
2015; United 
States 
Investigation of effectiveness of offset of 
left-turn lanes at intersections by the use 
of the naturalistic driving study data 
Experimental approach 
on driver behaviour 
using a logistic 
regression analysis 
- Focus on different 
intersection types and 
different kinds of offsets 
Kwon & 
Ismail, 2014, 
United States 
Investigation of Effectiveness of an 
Advanced LED Warning System for a rural 
intersection 
Experimental study 
focusing on driver 
behaviour 
- Focus on rural intersection 
with stop signs at minor road 
Shechtman et 
al., 2007, 
United States  
Evaluation of intersection design on 
driving performance on urban, suburban 
and residential street networks including 
39 participants 
Driving simulation 
recording kinematic 
measures 
untreated 
intersections 
Focus on urban and suburban 
road and kinematic measures 
Weidemann et 
al., 2011, 
United States 
Investigation of Effectiveness of an 
Advanced LED Warning System for a rural 
intersection 
Experimental study 
focusing on driver 
behaviour 
- Focus on rural intersection 
with stop signs at minor road 
 
2.1.2 Study results 
In her meta-analysis Høye (2008) investigated the crash occurrence before and after sight distance 
improvements. For all crashes there was a statistically significant percent change of -12%. Also the 
estimate for property damage only crashes was significant (-16%). However, for limited to injury 
crashes only, the percent change of -3% was not significant. Moreover, Agent et al. (1996) indicate a 
reduction in crash occurrence resulting from construction/reconstruction at intersections, however 
no test for statistical significance and only the accident reduction factors (without methodical detail) 
are presented. 
 
Hutton et al. (2015) investigated the effects of left-turn lane offsets at intersections. Regarding sight 
obstruction, opposing left-turning vehicles create a sight obstruction in 85% of the time at negative 
offset (which requires the turning vehicle to travel farther during the turning manoeuvre to clear the 
intersection). At zero offset the amount drops to 14% and at a positive offset to 10%. Furthermore, 
the critical gap does vary with left-turn lane offset. Overall, the critical gap got longer, the wider the 
negative offset was. However, at two-way stop-controlled intersections there were not any big 
differences presented. At signalised intersections some pairs of offset categories are 
statistically significantly different to others: −16 ft or less (7.5 s) from 1 ft to 3 ft (5.0 s) and from 4 ft 
to 6 ft (4.7 s); −10 ft to −6 ft (6.5 s) from 1 ft to 3 ft (5.0 s);  -5 ft to−1 ft (7.0 s) from 1 ft to 3 ft (5.0 s) 
and from 4 ft to 6 ft (4.7 s) and 0 ft (6.2 s) from 1 ft to 3 ft (5.0 s).  
Shechtman et al. (2007) also investigated the effects of a left-turn lane offset. They focused on the 
maximum yaw (radians/sec) and the maximum lateral acceleration (g). Left-turn lane offset leads to 
a significantly smaller maximum yaw. Hence, both older and younger drivers seem to have better 
lateral control of the vehicle. Furthermore, there were no differences between young and old drivers 
in any of the kinematic or behavioural measures for this manoeuvre.  
Classen et al. (2009) looked at the effect of a left-turn offset on the driving performance. Even 
though results were not statistically significant and an age effect was detected, benefits for both 
older and younger drivers were presented.  
 
Charlton (2003) investigated the effects of (intended) sight obstruction due to a screen treatment on 
the minor road. Motorists approaching the intersection on the minor road had a significantly lower 
speed of 23.7% because their field of view was obstructed so that they had to lower speed to safely 
enter the junction. Furthermore, the investigators placed a target vehicle in the intersection area. 
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After the screen treatment was implemented almost 90% more (statistically significant) of the 
motorists could correctly report the presence and location of the target vehicle.  
 
Choosing crash frequency as outcome variable and investigating the effects of vehicle activated 
signs (signs that start to blink if vehicles are entering/approaching) compared to standard static 
signs, Bradshaw et al. (2013) present positive effects. The authors also investigated the effects of 
large static signs compared to standard static signs and further compared activated signs to large 
static signs. They collected data of six sites. Overall, results show that vehicle activated signs have 
positive effects on road safety (minor injury, severe injury and fatal crashes). Also large static signs 
seem to be safer than the standard signs. However, no details regarding significance were presented 
for the overall estimates. Bradshaw et al. (2013) also compared the mean speeds driven under the 
different conditions. Again, for the overall estimates no details regarding significance were 
presented. Nevertheless, vehicle activated signs compared to other signs and large static signs 
compared to standard signs lead to a reduction of mean speeds.  
 
Kwon & Ismail (2014) investigated the effects of an alert system designed to mitigate an increase in 
roll-throughs by redesigning the minor approach sign system. In the new design, two STOP signs on 
the minor road were turned into LED blinker STOP signs. The LED blinking was activated by a 
vehicle at the corresponding “STOP Ahead” sign and deactivated when the vehicle reached the 
STOP sign. After the installation of the ALWS (Advanced LED Warning System) the average speed 
on the main road significantly dropped by 1.54 kph. During conflict situation (blinking LEDs) the 
average speed on the minor road significantly dropped by 6.26 kph. At the same time the average 
waiting time on the minor road significantly increased by 1.31 seconds. When it comes to roll-
throughs on the minor road, the installation of the ALWS leads to a non-significant positive effect (-
13.88%). During conflict situations, the amount of roll-throughs was reduced by 12%, however, 
again in a non-significant way.  
Weidemann et al. (2001) also looked at the effect of an ALWS-installation as a low-cost 
countermeasure for rural through-stop intersection crashes. After the installation, the average 
speed on the main road significantly increased by 1.6 kph. During a conflict situation (blinking LEDs) 
the average speed on the main road decreased by 7.2 kph. The average waiting time on the minor 
road increased by 5.4 seconds during conflict situations. The installation of ALWS had a non-
significant negative effect on roll-throughs. However, during conflict situations the amount of roll-
throughs significantly decreased by 24%.  
 
2.1.3 Description of analysis carried out 
Vote-count analysis 
Considering the number of studies with the relevant estimates it was decided that a vote-count 
analysis can be conducted. Table 2 gives an overview of the results of the analysis. Results show that 
sight distance treatments in general have significant positive effects on accident frequency. Also 
many non-significant estimates were counted.  
Furthermore, estimates of vehicle activated traffic signs were mostly significantly positive.  
When it comes to vehicle speeds, however, the installation of vehicle activated traffic signs might 
lead to a significant increase in some cases.  
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Table 2 Results of the vote-count analysis 
  
Total number of effects 
tested 
Result (number of 
effects)* 
  
Result (% of 
effects) 
    ↗ - ↘   ↗ ↘ 
Accident  
Frequency 
14 - 13 1 
 
0% 100% 
Sight distance 
improvement 
2 - 1 1 
 
0% 100% 
Vehicle activated 
traffic sign 
12 - 12 - 
 
0% 100% 
Vehicle speed 9 1 3 5  17% 83% 
Vehicle activated 
traffic sign 
7 1 3 3 
 
25% 75% 
Sight obstruction 2 - - 2  0% 100% 
*Significant effects on road safety are coded as: positive (↘), negative (↗) or non-significant () 
 
As presented above, it can be summarised that sight distance treatments have an overall positive 
effect on road safety.  The only inconclusive result concerns the mean speed driven when vehicle 
activated traffic signs were installed. As there was only one negative effect presented for an indirect 
variable on road safety (speed), for sight distance treatments, a green colour code was assigned. 
This seems appropriate as the increased speed was possibly provided by a sense of security after the 
installation of a vehicle activated traffic sign.  
 
2.2 CONCLUSION 
Studies on the effects of sight distance treatments on road safety identified in the international 
literature focused mainly on driving performance. In two studies  accident frequency was also used 
as an outcome variable. Further, one of the chosen studies investigated the effects of sight 
obstruction and the gap length when making a left-turn. 
 
Since there were many different measures investigated in the international literature a general 
conclusion about the effects cannot be drawn. For sight distance improvements in general (results 
presented in meta-analysis) it can be summarised that significant positive effects for all crashes and 
property damage only crashes can be achieved. Furthermore, left-turn offsets have positive effects 
on driving behaviour at intersections, whereas  intended sight obstruction also has positive effects 
on speed and drivers’ attention.  
In addition, an ALWS (Advanced LEDs Warning System) can help to reduce drivers’ speed and 
positively influence the average waiting time and number of roll-throughs.  
 
Conducting a vote-count analysis, the overall positive effect of sight distance treatments on road 
safety can be emphasized. Even if there was one inconclusive but significant estimate presented, a 
green colour code can be assigned to the measure, as this concerns an indirect variable on road 
safety and is limited to only one. 
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3 Supporting document 
 
 
3.1 METHODOLOGY 
3.1.1 Literature Search strategy 
The literature search was conducted in November and December 2016. It was carried out in four 
databases with similar search strategies. The following databases were browsed through during the 
literature search: ‘Scopus’, ‘Science Direct’, ‘TRID’ and ‘Taylor and Francis Online’. Detailed search 
terms, as well as their linkage with logical operators and combined queries are shown in the 
following tables. The study scope did not exclude countries or source types like “Journal” or 
“Project”. In some of the searches remaining studies were limited to subject areas (e.g. 
“Engineering”). Out of the overall 606 potentially eligible studies, after screening the abstracts of 
these 606 studies, from 25 the full-text were obtained and 5 were coded and included in the 
synopsis. Other already known or during the literature search occasionally (e.g. via Google) found 
studies as well as studies found in the literature search for other topics and including effects for 
address limited sight distance were added as additional studies (4). The reference lists of the studies 
were only partly checked. 
 
Table 3 Literature search strategy, database: Scopus 
search no. search terms / operators / combined queries hits 
#1 (TITLE-ABS-KEY ("sight distance" OR "measure" OR "safety") AND TITLE-ABS-
KEY ("intersection" OR "junction" OR "traffic")) AND PUBYEAR > 1989 
66,444 
#2 (TITLE-ABS-KEY ("sight distance" AND "limited" or "restricted" OR "measure" 
OR "safety") AND TITLE-ABS-KEY ("intersection" OR "junction" OR "traffic")) 
AND PUBYEAR > 1989 
169 
 
 
Table 4 Literature search strategy, database: ScienceDirect 
search no. search terms / operators / combined queries hits 
#1 pub-date > 1989 and ("sight distance" OR "field of view" AND "intersection" OR 
"junction"). 
15,542 
#2 pub-date > 1989 and ("sight distance" AND "intersection" OR "junction") and 
("limited" AND "measure" or "treatment") 
368 
#3 pub-date > 1989 and ("sight distance" AND "intersection" OR "junction") and 
("limited" AND "measure" or "treatment" AND "safety")[All 
Sources(Engineering)] 
213 
 
 
Table 5 Literature search strategy, database: TRID 
search no. search terms / operators / combined queries hits 
#1 "sight distance" OR "field of view" AND "intersection" OR "junction" 3,656 
#2 "sight distance" OR "field of view" AND "intersection" OR "junction" 392 
#3 "sight distance" AND "limited" AND "intersection" OR "junction" AND 
"measure" AND "safety" 
127 
 
Table 6 Literature search strategy, database: Taylor & Francis Online 
search no. search terms / operators / combined queries hits 
#1 Search Everything ("sight distance" OR "field of view") AND Abstract ("sight 
distance" OR "field of view")  
97 
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Table 7 Results Literature Search 
Database Hits 
Scopus (remaining papers after several limitations/exclusions) 169 
Science Direct 213 
TRID 127 
Taylor & Francis Online 97 
Total number of studies to screen title/ abstract 606 
 
The final 9 studies included in the synopsis indicate that the topic has been investigated to an 
adequate extent. The prioritising criteria for coding were the following, however all studies codable 
and suitable for the topic were coded. 
 
- Prioritising Step A (e.g. meta-analysis first) 
- Prioritising Step B (most recent studies) 
- Prioritising Step C (Journals over conferences and reports) 
- Prioritising Step D (Prestigious journals over other journals and conference papers) 
 
One meta-analysis was found. 
 
 
3.1.2 Exploratory analysis of results 
Table 8 presents information on the main outcomes of coded studies on sight distance treatments. 
 
Table 8 Main outcomes of coded studies on sight distance treatments 
Author, 
Year, 
Country 
Exposure variable 
Outcome 
variable / 
Outcome type  
Effects Main outcome description 
Agent et al., 
1996; United 
States 
Sight distance 
improvements (due to 
construction/reconstruction) 
Crash count / All  percent accident 
reduction=30% 
Non-significant reduction of crash 
occurrence due to sight distance 
improvements at intersections 
Bradshaw et 
al., 2013, 
Australia 
Vehicle activated sign - 
active 
Change in mean 
speed 
 Absolute 
difference=-2.78 
km/h 
Non-significant positive effect of 
active vehicle activated signs 
compared to standard static signs 
Vehicle activated sign - 
passive 
Change in mean 
speed 
 Absolute 
difference=-1.1 
km/h 
Non-significant positive effect of 
passive vehicle activated signs 
compared to standard static signs 
Vehicle activated sign - 
active 
Change in mean 
speed 
 Absolute 
difference=-1.7 
km/h 
Non-significant positive effect of 
active vehicle activated signs 
compared to passive vehicle 
activated signs 
Vehicle activated sign - 
active 
Crash count / Fatal  Percent accident 
reduction=10.17% 
Non-significant positive effect of 
active vehicle activated signs 
compared to standard static signs 
Vehicle activated sign - 
passive 
Crash count / Fatal  Percent accident 
reduction=4% 
Non-significant positive effect of 
passive vehicle activated signs 
compared to standard static signs 
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Author, 
Year, 
Country 
Exposure variable 
Outcome 
variable / 
Outcome type  
Effects Main outcome description 
Vehicle activated sign - 
active 
Crash count / Fatal  Percent accident 
reduction=6.67% 
Non-significant positive effect of 
active vehicle activated signs 
compared to passive vehicle 
activated signs 
Vehicle activated sign - 
active 
Crash count / 
Severe injury 
 Percent accident 
reduction=6.83% 
Non-significant positive effect of 
active vehicle activated signs 
compared to standard static signs 
Vehicle activated sign - 
passive 
Crash count / 
Severe injury 
 Percent accident 
reduction=2.67% 
Non-significant positive effect of 
passive vehicle activated signs 
compared to standard static signs 
Vehicle activated sign - 
active 
Crash count / 
Severe injury 
 Percent accident 
reduction=4% 
Non-significant positive effect of 
active vehicle activated signs 
compared to passive vehicle 
activated signs 
Vehicle activated sign - 
active 
Crash count / Minor 
injury 
 Percent accident 
reduction=3.17% 
Non-significant positive effect of 
active vehicle activated signs 
compared to standard static signs 
Vehicle activated sign - 
passive 
Crash count / Minor 
injury 
 Percent accident 
reduction=1.17% 
Non-significant positive effect of 
passive vehicle activated signs 
compared to standard static signs 
Vehicle activated sign - 
active 
Crash count / Minor 
injury 
 Percent accident 
reduction=1.67% 
Non-significant positive effect of 
active vehicle activated signs 
compared to passive vehicle 
activated signs 
Vehicle activated sign - 
active 
Crash count / 
Casualty  
 Percent accident 
reduction=4.33% 
Non-significant positive effect of 
active vehicle activated signs 
compared to standard static signs 
Vehicle activated sign - 
passive 
Crash count / 
Casualty 
 Percent accident 
reduction=1.67% 
Non-significant positive effect of 
passive vehicle activated signs 
compared to standard static signs 
Vehicle activated sign - 
active 
Crash count / 
Casualty 
 Percent accident 
reduction=2.67% 
Non-significant positive effect of 
active vehicle activated signs 
compared to passive vehicle 
activated signs 
Charlton, 
2003, New 
Zealand 
Sight obstruction (screen 
treatment on minor road) 
Reduction of mean 
speed 
↘ Relative 
difference=-
23.7%, p<0,01 
Significant positive effect of sight 
obstruction on reduction of mean 
speeds 
Sight obstruction (screen 
treatment on minor road) 
Correct report of 
presence and 
location of target 
vehicle 
↘ Relative 
difference=89.9%, 
p<0.01 
Significant positive effect of sight 
obstruction on correct report of 
presence and location of target 
vehicle 
Classen et al., 
2009; United 
States 
Left-turn offset  Driving 
performance 
 - 
 
Benefits for both older and 
younger drivers although there 
was an age effect detected 
Høye 2008; 
Norway 
Improvement of sight 
distance 
Crash count / All 
(unspecified) 
↘ Percent change in 
accidents=-12% 
Significant reduction of crash 
occurrence due to the 
improvement of sight distance at 
junctions 
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Author, 
Year, 
Country 
Exposure variable 
Outcome 
variable / 
Outcome type  
Effects Main outcome description 
Improvement of sight 
distance 
Crash count / Injury 
accidents 
 Percent change in 
accidents=-3% 
Non-significant reduction of injury 
crash occurrence due to the 
improvement of sight distance at 
junctions 
Improvement of sight 
distance 
Crash count / 
Property damage 
only accidents 
↘ Percent change in 
accidents=-16% 
Significant reduction of property 
damage only crash occurrence due 
to the improvement of sight 
distance at junctions 
Hutton et al., 
2015; United 
States 
Negative offset View blocked to 
opposing vehicle 
present 
 Relative 
proportion=85.6% 
85.6% of opposing drivers create 
sight obstruction for turning 
vehicle 
Zero offset View blocked to 
opposing vehicle 
present 
 Relative 
proportion=13.8% 
13.8% of opposing drivers create 
sight obstruction for turning 
vehicle 
Positive offset View blocked to 
opposing vehicle 
present 
 Relative 
proportion=9.6% 
9.6% of opposing drivers create 
sight obstruction for turning 
vehicle 
-16 ft or less Critical gap length / 
(s)Signalised 
intersection  
 Absolute 
proportion=7.5 
7.5 seconds of gap length  
-15 to -11 ft Critical gap length 
(s) / Signalised 
intersection  
 Absolute 
proportion=6.1 
6.1 seconds of gap length 
-10 to -6 ft Critical gap length 
(s) / Signalised 
intersection  
 Absolute 
proportion=6.5 
6.5 seconds of gap length 
-5 to -1 ft Critical gap length 
(s) / Signalised 
intersection 
 Absolute 
proportion=7 
7 seconds of gap length  
0 ft Critical gap length 
(s) / Signalised 
Intersection 
 Absolute 
proportion=6.2 
6.2 seconds of gap length  
1 to 3 ft Critical gap length 
(s) / Signalised 
intersection  
 Absolute 
proportion=5 
5 seconds of gap length  
4 to 6 ft Critical gap length 
(s) / Signalised 
intersection  
 Absolute 
proportion=4.7 
4.7 seconds of gap length  
-16 ft or less Critical gap length 
(s) / Two-way stop-
controlled 
intersection  
 Absolute 
proportion=4.8 
4.8 seconds of gap length  
-15 to -11 ft Critical gap length 
(s) / Two-way stop-
controlled 
intersection  
 Absolute 
proportion=5.2 
5.2 seconds of gap length  
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Author, 
Year, 
Country 
Exposure variable 
Outcome 
variable / 
Outcome type  
Effects Main outcome description 
-10 to -6 ft Critical gap length 
(s) / Two-way stop-
controlled 
intersection /  
 Absolute 
proportion=5.2 
5.2 seconds of gap length  
0 ft Critical gap length 
(s) / Two-way stop-
controlled 
intersection  
 Absolute 
proportion=5.3 
5.3 seconds of gap length  
Kwon T.M. & 
Ismail H., 
2014; United 
States 
Installation of ALWS Average speed / 
Main road 
↘ Absolute 
difference=-1.54 
km/h, p<0,0001 
Significant positive effect of 
installation of ALWS on average 
speed on main road 
Conflict situation (LED 
blinking) 
Average speed / 
Main road 
↘ Absolute 
difference=-6.26 
km/h, p~0 
Significant positive effect of 
blinking LEDS on average speed 
on main road 
Conflict situation (LED 
blinking) 
Average waiting 
time / Minor road 
↘ Absolute 
difference=1.31 
seconds, p~0 
Significant positive effect of 
blinking LEDS on average waiting 
time on minor road 
Installation of ALWS Roll-Throughs / 
Minor road 
 Percent change=-
13.88% 
Non-significant positive effect of 
installation of ALWS on roll-
throughs on minor road 
Conflict situation (LED 
blinking) 
Roll-Throughs / 
Minor road 
 Percent change=-
12% 
Non-significant positive effect of 
blinking LEDs on roll-throughs on 
minor road (no roll-throughs 
observed) 
Shechtman 
et al., 2007, 
United States 
Left-turn offset Maximum yaw 
(radians/sec) 
↘ F test=47.27, 
p<0.01 
Significant positive effect of left-
turn offset on maximum yaw 
Left-turn offset Maximum lateral 
acceleration (g) 
 F test=2.51, 
p=0.12 
Non-significant positive effect of 
left-turn offset on maximum 
lateral acceleration 
Weidemann 
et al., 2011, 
United States 
Installation of ALWS Average speed / 
Main road 
↗ Absolute 
difference=1.6 
km/h 
Significant negative effect of 
installation of ALWS on average 
speed on main road 
Conflict situation (LED 
blinking) 
Average speed / 
Main road 
↘ Absolute 
difference=-7.2 
km/h 
Significant positive effect of 
blinking LEDS on average speed 
on main road 
Conflict situation (LED 
blinking) 
Average waiting 
time / Minor road 
↘ Absolute 
difference=5.4 
seconds 
Significant positive effect of 
blinking LEDS on average waiting 
time on minor road 
Installation of ALWS Roll-Throughs / 
Minor road 
 Percent 
change=11% 
Non-significant negative effect of 
installation of ALWS on roll-
throughs on minor road 
Conflict situation (LED 
blinking) 
Roll-Throughs / 
Minor road 
↘ Percent change=-
24% 
Significant positive effect of 
blinking LEDs on roll-throughs on 
minor road (no roll-throughs 
observed) 
   *Significant effects on road safety are coded as: positive (↘), negative (↗) or non-significant ()  
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3.2 FULL LIST OF STUDIES 
3.2.1 Meta-analyses 
Høye A. (2008). Redesigning junctions in: The Handbook of Road Safety Measures, Norwegian 
(online) version. 
Following studies were concluded in the Meta-analysis: 
Brüde, U. & Larsson, J. (1985). Korsningsåtgärder vidtagna inom vägförvaltningarnas 
trafik-säkerhetsarbete. Regressions- och åtgärdseffekter. VTI-rapport 292. Linköping, 
Statens väg- och trafikinstitut (VTI). 
Hanna, J. T., Flynn, T. E. & Tyler, W. E. (1976). Characteristics of Intersection Accidents in Rural 
Municipalities. Transportation Research Record, 601, 79-82. 
Johannessen, S. & Heir, J. (1974). Trafikksikkerhet i vegkryss. En analyse av ulykkes-forholdene i 187 
vegkryss i perioden 1968-72. Oppdragsrapport 4. Trondheim, Norges Tekniske Høgskole, 
Forskningsgruppen, Institutt for samferdsels-teknikk. 
Kulmala, R. (1992). Pääteiden tasoliittymissä tehtyjen toimenpiteiden vaikutukset 
onnetto-mukksiin. Tielatoksen tutkimuksia 2/1992. Helsinki, Tielaitos, Tiehallitus. 
Vaa, T. & Johannessen, S. (1978). Ulykkesfrekvenser i kryss. En landsomfattende under-søkelse av 
ulykkesforholdene i 803 kryss i perioden januar 1970 - juni 1976. Oppdragsrapport 22. 
Trondheim, Norges Tekniske Høgskole, Forsknings-gruppen, Institutt for 
samferdselsteknikk. 
Vodahl, S. B. & Giæver, T. (1986). Risiko i vegkryss. Dokumentasjonsrapport. Rapport STF63 
A86011. Trondheim, SINTEF Samferdselsteknikk. 
 
3.2.2 Original Studies 
Agent K.R., Stamatiadis N., Jones S. (1996). Development of Accident Reduction Factors. Kentucky 
Transportation Center, College of Engineering.  
Bradshaw C.L., Bui B., Jurewicz C. (2013). Vehicle Activated Signs: An emerging treatment at high 
risk rural intersections. Proceedings of the 2013 Australasian Road Safety Research, Policing 
& Education Conference 28th – 30th August, Brisbane, Queensland. 
Charlton S.G. (2003). Restricting intersection visibility to reduce approach speeds. Accident Analysis 
and Prevention 35, pp. 817–823. 
Classen S., Shechtman O., Stephens B., Davis E., Lanford D., Mann W. (2009). The impact of 
intersection design on the driving performance of adults in the recovery phase of a turn. 
British Journal of Occupational Therapy November 2009, 72, pp. 472-481. 
Hutton J.M., Bauer K.M., Feets C.A., Smiley A. (2015). Evaluation of left-turn lane offset using the 
naturalistic driving study data. Journal of Safety Research 54, pp. 5-15.  
Kwon T.M. & Ismail H. (2014). Advanced LED Warning System for Rural Intersections: Phase 2 
(ALERT-2). University of Minnesota, Duluth, Department of Electrical Engineering.  
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Shechtman O., Classen S., Stephens B., Bendixen R., Belchior P., Sandhu M., Mccarthy D., Mann W., 
Davis E. (2007). The Impact of Intersection Design on Simulated Driving Performance of 
Young and Senior Adults. Traffic Injury Prevention, 8, pp. 78-86.  
Weidemann R., Kwon T.M., Lund V., Boder B. (2011). Determining the Effectiveness of an Advance 
LED Warning System for Rural Intersections. Transportation Research Record: Journal of the 
Transportation Research Board No. 2250, pp. 25-31.  
 
3.2.3 References on further background information 
Belluz, L., Morall, J., Smith, G. (2006). Rural Intersection Safety Handbook. Transport Canada. 
Poch, M. & Mannering, F. (1996). Negative Binomial Analysis of Intersection-Accident Frequencies. 
Journal of Transportation Engineering March/April 1996. 
Schurr K.S. & Sitorius D. (2010). Safety and Driver Behaviour Studies at Multiple Lane Approaches to 
Stop-Controlled Intersections. Final Report. Nebraska Transportation Center. University of 
Nebraska-Lincoln.  
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Synopsis 40: Convert junction to 
roundabout 
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1 Summary 
 
 
Soteropoulos, A. & Stadlbauer, S.; March 2017 
 
1.1 COLOUR CODE 
Light Green – Red (for cyclists): The conversion of junctions to roundabouts seems to reduce fatal 
and injury accident frequency. However, in some cases, only small reductions and even increases of 
damage only accident frequencies are seen for multi-lane roundabouts. For crashes involving cyclists, 
significant negative effects were found, hence, a light green colour code / red colour code (for 
cyclists) is assigned to roundabouts. 
 
 
1.2 KEYWORDS 
roundabout; conversion; junction; intersection; traffic circle; turbo-roundabout; cyclists 
 
1.3 ABSTRACT 
From the studies on the effects of the conversion of junctions to roundabouts on road safety, it 
appears that applying this treatment reduces fatal and injury accident frequency (especially in rural 
areas), with the exception of crashes involving cyclists. Moreover, the conversion of junctions to 
roundabouts might lead to only small improvements, and in the case of multi-lane roundabouts, 
even increases damage only accident frequency. Roundabouts are also more effective on roads with 
a higher speed limit. The transferability of the results would appear good, as studies from many 
different countries were included.  
 
1.4 BACKGROUND 
1.4.1 What is the conversion of junctions to roundabouts? 
By converting junctions to roundabouts, angular junctions are replaced with road junctions with 
circulatory traffic (Elvik et al. 2009). All vehicles circulate in one direction counter-clockwise (in 
countries driving on the right) around a raised traffic island (Khan et al. 2013). Vehicles entering a 
roundabout are usually required to give way to vehicles already in the roundabout – offside priority 
(Elvik et al. 2009). Moreover, often splitter islands dividing the roadway at entrances and exits are 
raised and provide refuge for pedestrians, ensure drivers travel in the intended path, and separate 
opposing traffic (Persaud et al. 2000). In some countries (e.g. the Netherlands) turbo-roundabouts – 
which are a variant of the common roundabout with the main purpose of increasing capacity – are 
used as well (Fortuijn 2009). 
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Figure 1. (single lane) Roundabout – left (Leuer 2014) and Turbo-roundabout – right (Fortuijn, 2009) 
 
1.4.2 How does the conversion of junctions to roundabouts affect road safety? 
The conversion of junctions to roundabouts reduces potential conflict points between traffic 
streams as well as vehicular speeds (Khan et al. 2013). Converting a conventional signalised 4-leg 
junction to a (single-lane) roundabout reduces the number of potential conflict points from 32 to 8 
(Gross et al. 2013). As all traffic in a roundabout comes from one direction, in contrast to angular 
junctions, road users do not have to observe traffic from several directions at the same time in order 
to find a gap for entering the roundabout (Elvik et al. 2009). Moreover, roundabouts prohibit 
vehicles from making a traditional left-turning movement (in countries driving on the right), which 
reduces all left-turn related crashes, such as head-on or angle crashes with often serious injury 
outcomes (Khan et al. 2013). The geometric design of a roundabout – vehicles cannot drive a 
straight path through the junction but must drive round a traffic island located in the middle of the 
junction – encourages reduced speeds (Elvik et al. 2009). This reduces collision impact and thus the 
likelihood of injury if a crash occurs (Gross et al. 2013). In addition, turbo-roundabouts take into 
account side swipe crashes because weaving is unnecessary and raised lane dividers can be applied 
(Fortuijn 2009). 
However, there is concern that older drivers may have difficulty adjusting to roundabouts (Retting et 
al. 2001). 
 
 
Figure 2. Number of conflict points at 4-leg junctions, 3-leg junctions and roundabouts (Yannis et al. 
2012) 
 
1.4.3 Which safety outcomes are affected by the conversion of junctions to roundabouts? 
In the international literature, the effect of the conversion of junctions to roundabouts on road 
safety has been mostly measured on one basic outcome, namely accident frequency (number of 
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crashes occurred). One study focused also on the number of observed conflicts, whereas one 
investigation was limited to crash potential indexes.  
 
1.4.4 How is the effect of the conversion of junctions to roundabouts studied? 
International literature indicated that the effect of the conversion of junctions to roundabouts on 
road safety is often examined by conducting a before-after design. These (quasi-)experimental 
methods are very suitable regarding crash occurrence.  
Two studies used an observational approach comparing different crash rates, whereas one 
conducted a driving simulation test.  
 
Some studies identified focused on junctions on urban roads, while others focused on junctions on 
rural roads. Some investigated different accident severities or crash types. Furthermore, different 
speed limits have also been studied separately.   
 
Most research has been done in the United States but many other countries were also represented. 
Two studies were conducted in Belgium, one each in the Netherlands, Germany, Austria, Australia 
and Sweden. Also one meta-analysis focusing on Norwegian studies was coded.  
 
1.5 OVERVIEW RESULTS 
There were 17 studies coded for the conversion of junctions to roundabouts. Among those, one was 
a meta-analysis including studies focusing on the crash occurrence before and after the installation 
of roundabouts.  
 
1.5.1 Main results 
When it comes to the conversion of junctions to roundabouts, different site characteristics have to 
be considered separately. For instance, there might be a difference between the conversion of T-
arms and crossroads. Furthermore, treatments on urban roads might differ from those on rural 
roads, while speed limits etc. can also affect the outcomes.  
 
The meta-analysis reports significant positive percent changes for all (-38%), injury and fatal crashes 
(-47% and -72% respectively), while property damage only crashes did not change significantly. 
Treatments on both junctions with yield signs on the minor road as well as on signalised junctions 
were also significant (-39% and -24%). While the conversion of crossroads was statistically 
significant (-38%), it was not for T-arms (-18%). Furthermore, differences between rural and urban 
road networks were presented: Even though both were significant the effect on rural roads (-68%) 
was clearly more positive than on urban roads (-30%).  
 
The main findings of the remaining 16 original studies are:  
• There are many studies indicating a better effect of roundabouts on injury and fatal 
accidents than on all or solely property damage only crashes. 
• The effects of roundabouts are greater at rural junctions than at urban junctions.  
• The conversion of junctions to roundabouts might lead to a higher number of accidents 
involving cyclists.   
• Turbo-roundabouts show similar effects to common modern roundabouts but also increase 
the capacity.  
• The conversion of crossroads leads more often to significant positive effects than the 
conversion of T-arms. 
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1.5.2 Transferability 
Overall, since 19 studies as well as a meta-analysis were found, the topic has been deeply studied. 
Results were primarily found for motor vehicle crashes but also for accidents involving cyclists. 
Research was often carried out in the United States. However, many European studies and one 
meta-analysis from Norway (including Norwegian studies) were also found. Therefore, the 
questioning of transferability of results because of potential regional characters seems to be not an 
issue. 
 
 
1.6 NOTES ON ANALYSIS METHODS 
In general, the coded studies are of sufficient quality and are methodologically sound. However, 
some of the studies used only small samples for investigation.  
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2 Scientific overview 
 
 
2.1 LITERATURE REVIEW 
2.1.1 Analysis of study designs and methods 
Overall 16 high quality studies and one meta-analysis on the conversion of junctions to roundabouts 
were selected and coded. Out of them 15, as well as the meta-analysis, focused on accident 
frequency. Furthermore, one study used crash potential indexes as outcomes.  
Studies on accident frequency mostly deployed (quasi-)experimental methods. Mainly before-after 
designs were used but also observational comparisons of crash data were made. The investigation 
on crash potential indexes conducted a simulation study.  
 
The studies identified focused on junctions on urban roads as well as junctions on rural roads. Most 
research has been done in the United States but other studies (Australia, Austria, Belgium, 
Germany, The Netherlands, Norway and Sweden) were also found.  
 
Table 1 illustrates an overview of the main features of coded studies (sample, method, outcome and 
results).  
 
Table 1 Description of coded studies 
Author,  
Year, 
Country 
Sample, method/design  
and analysis 
 
Reference group 
Additional information 
on analysis 
Brilon W. & 
Harding J., 
2008, 
Germany 
Observational study comparing capacities 
and crash rates of a turbo-roundabout 
with other roundabouts and a signalised 
intersection 
observational study similar roundabouts 
and signalised 
intersection 
Focus on the first established 
turbo-roundabout in 
Germany, located on rural 
road 
Daniels et al., 
2008, Belgium 
Quasi-experimental study investigating 
the effects of converting 91 intersections 
to roundabouts in Flanders (BE) between 
1994 and 2000 
before-after analysis 
of crash occurrence 
untreated 
intersections inside 
and outside built-up 
areas 
Focus on crashes including at 
least one bicyclist  
De Brabander, 
Nuyts & 
Vereeck, 2005, 
Flanders 
(Belgium) 
Quasi-experimental, before-after-study 
focusing on the implementation of 95 
roundabouts in Flanders 
before-after analysis 
of crash occurrence 
119 road 
intersections 
without 
roundabouts 
Focus on different speed 
limits (main road and 
adjacent road) 
Elvik, 2015, 
Norway 
Meta-analysis including 44 studies using a 
case-control before-after design 
Meta-analysis with 
random effects and 
fixed effects 
- Meta-analysis includes 
studies from United 
Kingdom, Denmark, Sweden, 
Norway, Australia, The 
Netherlands, Switzerland, 
Germany, United States, 
Belgium,  
Flannery A. & 
Elefteriadou 
L., 1999, 
United States 
Quasi experimental, before-after study 
investigating the effects of converting 8 
stop-controlled intersections to 
roundabouts 
before-after analysis 
of crash frequency 
- Focus on rural intersections, 
all accidents and injury 
accidents 
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Author,  
Year, 
Country 
Sample, method/design  
and analysis 
 
Reference group 
Additional information 
on analysis 
Fortuijn, 2009, 
Netherlands 
Quasi-experimental, before-after analysis 
of conversion of 7 intersections to turbo 
roundabouts 
before-after analysis 
of crash occurrence 
intersections before 
the construction of 
the turbo 
roundabouts 
Focus on injury accidents 
Garder, 2002, 
United States 
Quasi-experimental, before-after analysis 
of conversion of a two-way stop-
controlled intersection to roundabout 
before-after analysis 
of crash occurrence 
- Focus on suburban road 
network 
Hydén & 
Várhelyi, 
2000, Sweden 
Experimental, before-after design 
investigating different effects of 
temporary constructions of 21 and long-
term construction of 4 small roundabouts 
before-after analysis 
of driver behaviour 
- Focus on urban road 
network, number of conflicts 
and expected injury accidents 
Leuer, 2014, 
United States 
Quasi-experimental, before-after analysis 
focusing on the installation of single lane 
roundabouts at 24 intersections in 
Minnesota (USA) 
before-after analysis 
of crash occurrence 
- Focus on different accident 
severities 
Nambisan & 
Parimi, 2007, 
United States 
Observational study comparing crash 
data of 6 roundabouts with 8 
conventional stop-controlled and 
signalised intersections 
observational study 8 conventional Stop-
controlled and 
signalised 
intersections 
Depending upon the average 
daily traffic (ADT) minor, 
medium and major 
intersections were 
differentiated. 
Persaud et al., 
2000, United 
States 
Quasi-experimental before-after study 
using an empirical Bayes approach 
focusing on the conversion of 24 
intersections to modern roundabouts in 8 
states of the United States 
before-after study 
with empirical Bayes 
approach 
- Focus on accident severity, 
number of lanes and type of 
road network 
Pommer et al., 
2014, Austria 
Quasi-experimental investigation effects 
of conversion of 24 intersections to 
roundabouts 
before-after analysis 
of crash occurrence 
untreated 
intersections 
Focus on urban and rural 
network and further 
conditions (e.g. ADT, number 
of legs etc.) 
Qin et al., 
2013, United 
States 
Quasi-experimental, before-after, 
empirical Bayes design investigating 24 
conversions to roundabout in Wisconsin 
(SA) (in 2007 or before) 
before-after analysis 
of crash occurrence 
- Focus on accident severity, 
number of lanes per 
direction, speed limit and 
traffic control 
Retting et al., 
2001, United 
States 
Quasi-experimental before-after study 
using an empirical Bayes approach 
focusing on the conversion of 24 
intersections to modern roundabouts in 8 
states of the United States 
before-after study 
with empirical Bayes 
approach 
- Focus on accident severity, 
number of lanes and type of 
road network 
Russell et al., 
United States, 
2002 
Quasi-experimental before-after analysis 
to determine how a roundabout 
functioned compared to traditional 
intersection traffic control 
before-after analysis 
of crash occurrence 
untreated 
intersections 
just 2 roundabouts (one in 
Manhattan and one in 
Hutchinson) 
Saccomanno 
et al., 2008, 
United States 
Simulation study to compare the pattern 
of traffic conflicts at roundabouts with 
conflicts for signalised intersections 
simulation study untreated 
intersections 
Focus on rear-end conflicts 
Zhao et al., 
2015, United 
States 
Quasi-experimental, before-after, 
empirical Bayes design investigating 4 
two-way stop controlled intersections in 
Kansas (USA) 
before-after analysis 
of crash occurrence 
- Focus on accident severity 
and crossroads 
 
SafetyCube | Synopsis on convert junction to roundabout | WP5  8 
2.1.2 Study results 
In his meta-analysis Elvik (2015) shows that converting junctions to roundabouts has significant 
positive effects on all injury and fatal crashes (38 to 72% crash reduction). However, no change (0%) 
for property damage only crash occurrence was estimated. For junctions with yield signs on the 
minor road as well as for signalised junctions the transformation to a roundabout had significant 
positive effects on road safety (reduction of 39% and 24%, respectively). When it comes to different 
junction types, converting crossroads to roundabouts shows a significant reduction of 38%, whereas 
the conversion of T-arms was non-significant. On a rural road network the crash reduction after the 
installation of roundabouts was higher (68%) than on urban roads (30%), with both estimates being 
statistically significant. 
 
Results of De Brabander et al. (2015) indicate that injury crashes are influenced in a more positive 
way than total crashes. The authors show that roundabouts lead to a significant overall reduction of 
injury crashes of 34%. Further results show that roundabouts are most effective at junctions on main 
roads and with high speed limits (90 kph) and on adjacent roads with a lower speed limit (50 or 70 
kph). But at the same time, for instance, for light injury crashes on main or adjacent roads with a 
speed limit of 50 kph a significant crash reduction of 37% was also presented.  
 
Similar results for crash severities are presented by Nambisan & Parimi (2007) who compared 
roundabouts to stop- and signal-controlled junctions. Results statistically support the position that 
roundabouts are safer than junctions at the minor- and medium-level. For injury crashes at minor 
junctions a significant 83.3% reduction of injury crashes was presented, however, a confidence level 
of 80% was chosen.  
 
Persaud et al. (2000) investigated the effects of converting junctions from stop sign or traffic signal 
to roundabouts. Especially for injury crashes involving incapacitating and fatal injuries, positive 
effects were presented. All crashes were reduced by 39%, whereas injury crashes as well as fatal and 
incapacitating accidents showed an estimate of 76% and 89% (all estimates significant). Even 
though there was in general a smaller effect observed for urban junctions, all crashes at stop-
controlled single-lane junctions were significantly reduced by 61%. When it comes to multi-lane 
roundabouts the safety effects are somewhat lower. However, multilane roundabouts also seem to 
be effective in eliminating most incapacitating injury crashes. Furthermore, results suggest that 
roundabout do not pose problems for older drivers.  
 
Zhao et al. (2015) also conducted a before-after analysis and investigated the effects of the 
conversion of four two-way stop-controlled rural junctions to roundabouts. Total crashes decreased 
by 58%, fatal crashes by 100%, non-fatal injury crashes by 76% and property-damage only crashes 
by 35%. All estimates were significant in a statistical way.  
 
Conducting an empirical Bayes method, Retting et al. (2001) present a highly significant crash 
reduction of 38% for all crash severities combined, and of 76% for injury crashes. Fatal and 
incapacitating accidents got reduced by 89%. There were also estimated crash reductions for 
selected groups of conversions, however, results were non-significant. Still it should be noted that 
there was a smaller safety effect observed for the group of urban junctions, which might be related 
to the differences in the safety performance of single-lane vs. multilane roundabout designs.  
Similar results are presented by Qin et al. (2013): after the conversion of junctions to roundabouts all 
crashes were reduced by 9%, whereas fatal and injury crashes showed a significant reduction of 
52%. Further, none of the 13 sites tested had fatal accidents in the after period.  
 
Moreover, Garder (2002) also presented similar results: when it comes to all crashes the relative 
difference between roundabouts and junctions is -54%. When focusing on injury crashes the 
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difference decreases to -80%, showing even better estimates for roundabouts when injury crashes 
are investigated. Again, one has to notice that results were non-significant.  
 
Furthermore, Leuer (2014) supports the common assumption that injury crashes are influenced to a 
greater extent. In the United States, the conversion of roundabouts decreased the number of injury 
crashes and drastically reduced the number of fatal and severe injury accidents. After the first year 
of the installation a small rise of property damage only crashes occurred. This might be linked to a 
first adaption to new junction types. However, no significance of the estimates was presented.  
In an Austrian before-after analysis Pommer et al. (2014) came to the conclusion that the installation 
of roundabouts on problematic junctions can be recommended. They presented a highly significant 
CMF of 0.3. When it comes to different junction types, road networks etc. the presented CMF were 
still under 0.5, and statistically significant. Only for roundabouts with a diameter of less than 35 
metres, with the worst CMF of 0.63, were non-significant results presented. At the same time 
roundabouts with a diameter bigger than 35 metres and an ADT of less than 5500 showed notably 
positive estimates.  
 
Russel et al. (2002) investigated the effects of the conversion of two junctions to roundabouts in 
New York. For the one in Manhattan there were 2.3 crashes less per year reported, whereas at the 
Hutchinson roundabout 17 less crashes occurred in a 19-month period. Both estimates are 
statistically significant.  
 
Flannery & Elefteriadou (1999) conducted a before-after analysis of the conversion of rural stop-
controlled junctions to roundabouts in the United States. Results are non-significant but there was a 
positive effect for both all crashes and injury crashes presented.  
In a simulator study, Saccomanno et al. (2008) show that regarding rear-end conflicts, the amount 
of vehicles in conflict is significantly lower for roundabouts when they are compared to signalised 
junctions. When it comes to road surface conditions (dry or wet) and traffic volume, positive effects 
were also presented for roundabouts, however, no details about significance were presented.  
 
Hydén & Várhelyi (2000) investigated the effectiveness of roundabouts by temporarily converting 
twelve junctions to roundabouts in a Swedish town. Significant positive short-term-effects were 
observed for bicycle-car and pedestrian-car conflicts as well as for injury crashes. Crashes involving 
bicycles and cars were reduced by 60%, whereas accidents involving pedestrians and cars decreased 
by 83%. Further, the number of car-car conflicts went down and serious conflicts became less 
severe. Two of the roundabouts did not get rebuilt to common junctions. The long-term effect 
shows that the number of injury accidents per year was reduced and the severity of the accidents 
decreased as well. 
 
In addition, Fortuijn (2009) investigated the safety effectiveness of turbo-roundabouts and shows 
that they come close to that of single-lane roundabouts. At seven spots a casualty crash reduction of 
82% is measured. When corrected for other influence factors, the reduction is still 72%, however, the 
result is non-significant.  
Brilon & Harding (2008) also investigated the effects of turbo-roundabouts. Comparing crash rates, 
it can be seen that more crashes occur at turbo-roundabouts than at roundabouts with pre-
separation on an urban road network (0.64 – 1.47 more crashes per 1,000,000 vehicles). Similar 
results were presented for signalised junctions (0.9 more crashes). On rural roads, there are 1.19 to 
2.33 less crashes. Hence, since there are mixed results, there are no compelling reasons not to install 
more turbo-roundabouts.  
 
Even though there is the general position that roundabouts improve road safety at junctions, there 
are cases where different effects appeared. Daniels et al. (2008) show that especially cyclists may be 
negatively affected by the conversion of junctions to roundabouts. In particular for junctions in built-
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up areas (lower speeds and more cyclists) significant negative estimates were presented. 
Furthermore, all crashes and severe injury and fatal crashes at all junctions in all areas also show 
negative results for crashes involving at least one cyclist. Hence, roundabouts do not seem to be an 
appropriate solution in all cases. 
 
2.1.3 Description of analysis carried out 
Vote-count analysis 
Considering the number of studies with the relevant estimates it was decided that a vote-count 
analysis can be conducted. Table 2 gives an overview of the results of the analysis. When only 
significant results are compared, positive estimates reach 86%, while only 14% are allotted to 
negative effects (only accidents including cyclists). Regarding specific junction types for T-arms and 
crossroads only significant positive estimates were presented in the international literature. 
However, the sample size was rather small. 
 
Table 2 Results of the vote-count analysis 
  
Total number of effects 
tested 
Result (number of 
effects)* 
  
Result (% of 
effects) 
    ↗ - ↘   ↗ ↘ 
Accident  
Frequency 
30 1 22 6 
 
14% 86% 
Conversion of 
junction to 
roundabout 
30 1 22 6 
 
14% 86% 
*Significant effects on road safety are coded as: positive (↘), negative (↗) or non-significant () 
 
As presented above, it can be summarised that the conversion of intersections to roundabouts has 
an overall positive effect on road safety.  The only significant inconclusive results were presented for 
crashes involving at least one cyclist. Hence, for the conversion of junctions to roundabouts, a light 
green colour code / red colour code (for cyclists) was chosen. 
 
2.2 CONCLUSION 
The studies on the effect of the conversion of junctions to roundabouts in the international literature 
focused mainly on accident frequency. In one study conflicts between different road user groups 
have been investigated in addition, whereas another study only looked at crash potential indexes.  
 
Regarding the conversion of junctions to roundabouts in general, studies on accident frequency 
mostly show a reduction of crash occurrence. Those effects were often statistically significant. The 
only significant negative effects are allotted to crashes with at least one cyclist involved.  
Furthermore, it can be summarised that the conversion of intersections to roundabouts has greater 
effects on a rural road network than on an urban one. One has to notice that especially more severe 
crashes decreased while there were smaller effects for property damage only accidents. Hence, it 
can be outlined that roundabouts are a decent measure when it comes to injury or fatal accidents. In 
particular, roundabouts with two or more lanes might lead to an increase of less severe crashes. 
Furthermore, roundabouts are more effective on roads with higher speed limits (e.g. 90 kph).   
 
Conducting a vote-count analysis the overall positive effect of roundabouts on road safety can be 
emphasised. Since there are few inconclusive and significant results a light green colour code / red 
colour code (for cyclist) can be assigned to the measure.  
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3 Supporting document 
 
 
3.1 METHODOLOGY 
3.1.1 Literature Search strategy 
The literature search was conducted in November and December 2016. It was carried out in four 
databases with similar search strategies. The following databases were browsed through during the 
literature search: ‘Scopus’, ‘Science Direct’, ‘TRID’ and ‘Taylor and Francis Online’. Detailed search 
terms, as well as their linkage with logical operators and combined queries are shown in the 
following tables. The study scope did not exclude countries or source types like “Journal” or 
“Project”. In some of the searches remaining studies were limited to subject areas (e.g. 
“Engineering”). Out of the overall 482 potentially eligible studies, after screening the abstracts of 
these 482 studies, from 40 the full-text were obtained and 13 were coded and included in the 
synopsis. Other studies, already known or during the literature search occasionally (e.g. via Google) 
found, as well as studies found in the literature search for other topics and including effects for 
convert junction to roundabout were added as additional studies (7). The reference lists of the 
studies were only partly checked. 
 
Table 3 Literature search strategy, database: Scopus 
search no. search terms / operators / combined queries hits 
#1 ( TITLE-ABS-KEY ( "roundabout" )  AND  TITLE-ABS-KEY ( "intersection"  OR  
"junction" ) )  AND  PUBYEAR  >  1989 
538 
#2 (TITLE-ABS-KEY ("roundabout" AND "measure" OR "treatment" OR "safety") 
AND TITLE-ABS-KEY ("intersection" OR "junction")) AND PUBYEAR > 1989 
243 
#3 ( TITLE-ABS-KEY ( "roundabout"  AND  "safety" )  AND  TITLE-ABS-KEY ( 
"intersection"  OR  "junction" ) )  AND  PUBYEAR  >  1989 
214 
 
 
Table 4 Literature search strategy, database: ScienceDirect 
search no. search terms / operators / combined queries hits 
#1 pub-date > 1989 and ("roundabout" AND "intersection" OR "junction") and 
("measure" OR "treatment") 
1,360 
#2 pub-date > 1989 and ("roundabout" AND "intersection" OR "junction" AND 
"measure" OR "treatment" OR "effect" OR "safety") and TITLE("roundabout" 
85 
 
 
Table 5 Literature search strategy, database: TRID 
search no. search terms / operators / combined queries hits 
#1 "roundabout" AND "measure" OR "treatment" AND "safety" AND "intersection" 
OR "junction" 
2,962 
#2 Keywords ("roundabout" AND "intersection" OR "junction" AND "measure" OR 
"treatment" AND "safety") AND Title (“roundabout”) 
163 
 
 
Table 6 Literature search strategy, database: Taylor & Francis Online 
search no. search terms / operators / combined queries hits 
#1 Search Everything (roundabout AND intersection OR junction) AND Article Title 
(roundabout) 
20 
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Table 7 Results Literature Search 
Database Hits 
Scopus (remaining papers after several limitations/exclusions) 214 
Science Direct 85 
TRID 163 
Taylor & Francis Online 20 
Total number of studies to screen title/ abstract 482 
 
The final 20 studies included in the synopsis indicate that the topic has been investigated to a great 
extent. The prioritising criteria for coding were the following, however all studies codable and 
suitable for the topic, were coded. 
 
- Prioritizing Step A (e.g. meta-analysis first) 
- Prioritizing Step B (most recent studies) 
- Prioritizing Step C (Journals over conferences and reports) 
- Prioritizing Step D (Prestigious journals over other journals and conference papers) 
 
One meta-analysis was found. 
 
3.1.2 Exploratory analysis of results 
Table 8 presents information on the main outcomes of coded studies on the conversion of junctions 
to roundabouts. 
 
Table 8 Main outcomes of coded studies on the conversion of junctions to roundabouts 
Author, 
Year, 
Country 
Exposure variable 
Outcome variable 
/ Outcome type  
Effects 
Main outcome -
description 
Brilon W. & 
Harding J., 
2008, 
Germany 
Installation of turbo-
roundabout 
Crash rate (Crashes 
per 1,000,000 
vehicles) / 
roundabout with pre-
separation (urban) 
 Absolute 
difference=0.64 
Non-significant negative 
effect of conversion of 
roundabout with pre-
separation to turbo-
roundabout on urban road 
on crash rate 
Installation of turbo-
roundabout 
Crash rate (Crashes 
per 1,000,000 
vehicles) / 
roundabout with pre-
separation (urban) 
 Absolute 
difference=1,47 
Non-significant negative 
effect of conversion of 
roundabout with pre-
separation to turbo-
roundabout on urban road 
on crash rate 
Installation of turbo-
roundabout 
Crash rate (Crashes 
per 1,000,000 
vehicles) / 
roundabout with pre-
separation (rural) 
 Absolute difference=-
1.19 
Non-significant positive 
effect of conversion of 
roundabout with pre-
separation turbo-
roundabout on rural road 
crash rate 
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Author, 
Year, 
Country 
Exposure variable 
Outcome variable 
/ Outcome type  
Effects 
Main outcome -
description 
Installation of turbo-
roundabout 
Crash rate (Crashes 
per 1,000,000 
vehicles) / 
roundabout with pre-
separation (rural) 
 Absolute difference=-
2.33 
Non-significant positive 
effect of conversion of 
roundabout with pre-
separation to turbo-
roundabout on rural road 
crash rate 
Installation of turbo-
roundabout 
Crash rate (Crashes 
per 1,000,000 
vehicles) / signalised 
intersection 
 Absolute 
difference=0.9 
Non-significant negative 
effect of conversion of 
signalised intersection to 
turbo-roundabout on 
crash rate 
Daniels et al., 
2008, 
Belgium 
Conversion of intersection to 
roundabout 
Crash count 
(involving at least one 
bicyclist) / All, 
signalised 
intersections in built-
up areas 
 OR=1.23, p>0.05 
 
Non-significant negative 
effect of the conversion of 
signalised intersections to 
roundabouts inside built-
up areas on all crashes 
Conversion of intersection to 
roundabout 
Crash count 
(involving at least one 
bicyclist) / severe & 
fatal, signalised 
intersections in built-
up areas 
 OR=1.63, p>0.05 Non-significant negative 
effect of the conversion of 
signalised intersections to 
roundabouts inside built-
up areas on severe and 
fatal crashes 
Conversion of intersection to 
roundabout 
Crash count 
(involving at least one 
bicyclist) / All, 
unsignalised 
intersections in built-
up areas 
↗ OR=1.55, p<=0.05 Significant negative effect 
of the conversion of 
unsignalised intersections 
to roundabouts inside 
built-up areas on all 
crashes 
Conversion of intersection to 
roundabout 
Crash count 
(involving at least one 
bicyclist) / severe & 
fatal, unsignalised 
intersections in built-
up areas 
 OR=1.81, p>0.05 Non-significant negative 
effect of the conversion of 
unsignalised intersections 
to roundabouts inside 
built-up areas on severe 
and fatal crashes 
Conversion of intersection to 
roundabout 
Crash count 
(involving at least one 
bicyclist) / All, all 
intersections in built-
up areas 
↗ OR=1.48, p<=0.05 Significant negative effect 
of the conversion of all 
intersections to 
roundabouts inside built-
up areas on all crashes 
Conversion of intersection to 
roundabout 
Crash count 
(involving at least one 
bicyclist) / severe & 
fatal, all intersections 
in built-up areas 
↗ OR=1.77, p<=0.05 Significant negative effect 
of the conversion of all 
intersections to 
roundabouts inside built-
up areas on severe and 
fatal crashes 
Conversion of intersection to 
roundabout 
Crash count 
(involving at least one 
bicyclist) / All, 
signalised 
intersections outside 
built-up areas 
 OR=1.27, p>0.05 Non-significant negative 
effect of the conversion of 
signalised intersections to 
roundabouts outside built-
up areas on all crashes 
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Author, 
Year, 
Country 
Exposure variable 
Outcome variable 
/ Outcome type  
Effects 
Main outcome -
description 
Conversion of intersection to 
roundabout 
Crash count 
(involving at least one 
bicyclist) / severe & 
fatal, signalised 
intersections outside 
built-up areas 
 OR=1.62, p>0.05 Non-significant negative 
effect of the conversion of 
signalised intersections to 
roundabouts outside built-
up areas on severe and 
fatal crashes 
Conversion of intersection to 
roundabout 
Crash count 
(involving at least one 
bicyclist) / All, 
unsignalised 
intersections outside 
built-up areas 
 OR=0.89, p>0.05 Non-significant positive 
effect of the conversion of 
unsignalised intersections 
to roundabouts outside 
built-up areas on all 
crashes 
Conversion of intersection to 
roundabout 
Crash count 
(involving at least one 
bicyclist) / severe & 
fatal, unsignalised 
intersections outside 
built-up areas 
 OR=1.06, p>0.05 Non-significant negative 
effect of the conversion of 
unsignalised intersections 
to roundabouts outside 
built-up areas on severe 
and fatal crashes 
Conversion of intersection to 
roundabout 
Crash count 
(involving at least one 
bicyclist) / All, all 
intersections outside 
built-up areas 
 OR=1.01, p>0.05 Non-significant negative 
effect of the conversion of 
all intersections to 
roundabouts outside built-
up areas on all crashes 
Conversion of intersection to 
roundabout 
Crash count 
(involving at least one 
bicyclist) / severe & 
fatal, all intersections 
outside built-up areas 
 OR=1.21, p>0.05 Non-significant negative 
effect of the conversion of 
all intersections to 
roundabouts outside built-
up areas on severe and 
fatal crashes 
Conversion of intersection to 
roundabout 
Crash count 
(involving at least one 
bicyclist) / All, 
signalised 
intersections in all 
areas 
 OR=1.25, p>0.05 Non-significant negative 
effect of the conversion of 
signalised intersections to 
roundabouts in all areas on 
all crashes 
Conversion of intersection to 
roundabout 
Crash count 
(involving at least one 
bicyclist) / severe & 
fatal, signalised 
intersections in all 
areas 
 OR=1.62, p>0.05 Non-significant negative 
effect of the conversion of 
unsignalised intersections 
to roundabouts in all areas 
on all crashes 
Conversion of intersection to 
roundabout 
Crash count 
(involving at least one 
bicyclist) / All, 
unsignalised 
intersections in all 
areas 
 OR=1.28, p>0.05 Non-significant negative 
effect of the conversion of 
unsignalised intersections 
to roundabouts in all areas 
on all crashes 
Conversion of intersection to 
roundabout 
Crash count 
(involving at least one 
bicyclist) / severe & 
fatal, unsignalised 
intersections in all 
areas 
 OR=1.38, p>0.05 Non-significant negative 
effect of the conversion of 
unsignalised intersections 
to roundabouts in all areas 
on severe and fatal crashes 
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Author, 
Year, 
Country 
Exposure variable 
Outcome variable 
/ Outcome type  
Effects 
Main outcome -
description 
Conversion of intersection to 
roundabout 
Crash count 
(involving at least one 
bicyclist) / All, all 
intersections in all 
areas 
↗ OR=1.27, p<=0.05 Significant negative effect 
of the conversion of all 
intersections to 
roundabouts in all areas on 
all crashes 
Conversion of intersection to 
roundabout 
Crash count 
(involving at least one 
bicyclist) / severe & 
fatal, all intersections 
in all areas 
↗ OR=1.44, p<=0.05 Significant negative effect 
of the conversion of all 
intersections to 
roundabouts in all areas on 
severe and fatal crashes 
De 
Brabander et 
al., 2005, 
Belgium 
(Flanders) 
Conversion of intersection to 
roundabout 
Crash count (light 
injury accidents / 50 x 
50 km/h (major road x 
adjacent road) 
↘ percent accident 
reduction = 37% 
Significant positive effect 
of installation of 
roundabouts (light injury 
accidents / 50 x 50 km/h: 
major road x adjacent 
road) 
Conversion of intersection to 
roundabout 
Crash count (light 
injury accidents / 70 x 
50 km/h (major road x 
adjacent road) 
 percent accident 
reduction = 14% 
Non-significant positive 
effect of installation of 
roundabout 
Conversion of intersection to 
roundabout 
Crash count (light 
injury accidents / 70 x 
70 km/h (major road x 
adjacent road) 
↘ percent accident 
reduction = 42% 
Significant positive effect 
of installation of 
roundabouts (light injury 
accidents / 70 x 70 km/h: 
major road x adjacent 
road) 
Conversion of intersection to 
roundabout 
Crash count (light 
injury accidents / 90 x 
50 km/h (major road x 
adjacent road) 
 percent accident 
reduction = 45% 
Non-significant positive 
effect of installation of 
roundabout 
Conversion of intersection to 
roundabout 
Crash count (light 
injury accidents / 90 x 
70 km/h (major road x 
adjacent road) 
↘ percent accident 
reduction = 40% 
Significant positive effect 
of installation of 
roundabouts (light injury 
accidents / 90 x 70 km/h: 
major road x adjacent 
road) 
Conversion of intersection to 
roundabout 
Crash count (light 
injury accidents / 90 x 
90 km/h (major road x 
adjacent road) 
 percent accident 
reduction = 7% 
Non-significant positive 
effect of installation of 
roundabout 
Conversion of intersection to 
roundabout 
Crash count (light 
injury accidents / all 
locations) 
↘ percent accident 
reduction = 30% 
Significant positive effect 
of installation of 
roundabouts (light injury 
accidents / all locations) 
Conversion of intersection to 
roundabout 
Crash count (serious 
injury accidents / 50 x 
50 km/h (major road x 
adjacent road) 
 percent accident 
reduction = 28% 
Non-significant positive 
effect of installation of 
roundabout 
Conversion of intersection to 
roundabout 
Crash count (serious 
injury accidents / 70 x 
50 km/h (major road x 
adjacent road) 
 percent accident 
reduction = 36% 
Non-significant positive 
effect of installation of 
roundabout 
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Author, 
Year, 
Country 
Exposure variable 
Outcome variable 
/ Outcome type  
Effects 
Main outcome -
description 
Conversion of intersection to 
roundabout 
Crash count (serious 
injury accidents / 70 x 
70 km/h (major road x 
adjacent road) 
 percent accident 
reduction = 50% 
Non-significant positive 
effect of installation of 
roundabout 
Conversion of intersection to 
roundabout 
Crash count (serious 
injury accidents / 90 x 
50 km/h (major road x 
adjacent road) 
 percent accident 
reduction = 54% 
Non-significant positive 
effect of installation of 
roundabout 
Conversion of intersection to 
roundabout 
Crash count (serious 
injury accidents / 90 x 
70 km/h (major road x 
adjacent road) 
↘ percent accident 
reduction = 72% 
Significant positive effect 
of installation of 
roundabouts (serious 
injury accidents / 90 x 70 
km/h: major road x 
adjacent road) 
Conversion of intersection to 
roundabout 
Crash count (serious 
injury accidents / 90 x 
90 km/h (major road x 
adjacent road) 
 percent accident 
reduction = 27% 
Non-significant positive 
effect of installation of 
roundabout 
Conversion of intersection to 
roundabout 
Crash count (serious 
injury accidents / all 
locations) 
↘ percent accident 
reduction = 38% 
Significant positive effect 
of installation of 
roundabouts (serious 
injury accidents / all 
locations) 
Conversion of intersection to 
roundabout 
Crash count (all injury 
accidents / 50 x 50 
km/h (major road x 
adjacent road) 
↘ percent accident 
reduction = 39% 
Significant positive effect 
of installation of 
roundabouts (all injury 
accidents / 50 x 50 km/h: 
major road x adjacent 
road) 
Conversion of intersection to 
roundabout 
Crash count (all injury 
accidents / 70 x 50 
km/h (major road x 
adjacent road) 
 percent accident 
reduction = 15% 
Non-significant positive 
effect of installation of 
roundabout 
Conversion of intersection to 
roundabout 
Crash count (all injury 
accidents / 70 x 70 
km/h (major road x 
adjacent road) 
↘ percent accident 
reduction = 42% 
Significant positive effect 
of installation of 
roundabouts (all injury 
accidents / 70 x 70 km/h: 
major road x adjacent 
road) 
Conversion of intersection to 
roundabout 
Crash count (all injury 
accidents / 90 x 50 
km/h (major road x 
adjacent road) 
↘ percent accident 
reduction = 55% 
Significant positive effect 
of installation of 
roundabouts (all injury 
accidents / 90 x 50 km/h: 
major road x adjacent 
road)  
Conversion of intersection to 
roundabout 
Crash count (all injury 
accidents / 90 x 70 
km/h (major road x 
adjacent road) 
↘ percent accident 
reduction = 59% 
Significant positive effect 
of installation of 
roundabouts (all injury 
accidents / 90 x 70 km/h: 
major road x adjacent 
road) 
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Author, 
Year, 
Country 
Exposure variable 
Outcome variable 
/ Outcome type  
Effects 
Main outcome -
description 
Conversion of intersection to 
roundabout 
Crash count (all injury 
accidents / 90 x 90 
km/h (major road x 
adjacent road) 
 percent accident 
reduction = 18% 
Non-significant positive 
effect of installation of 
roundabout 
Conversion of intersection to 
roundabout 
Crash count (all injury 
accidents / all 
locations) 
↘ percent accident 
reduction = 34% 
Significant positive effect 
of installation of 
roundabouts (all injury 
accidents / all locations) 
Elvik, 2015, 
Norway 
Converting junction to 
roundabout 
Crash count / All 
(Fatal, Injury, 
Damage only) 
↘ Percent change in 
accidents=-38% 
Significant reduction of 
crash occurrence due to 
the conversion of junctions 
to roundabouts 
Converting junction to 
roundabout  
Crash count / Fatal 
crashes 
↘ Percent change in 
accidents=-72% 
Significant reduction of 
fatal crash occurrence due 
to the conversion of 
junctions to roundabouts 
Converting junction to 
roundabout  
Crash count / Injury 
crashes 
↘ Percent change in 
accidents=-47% 
Significant reduction of 
injury crash occurrence 
due to the conversion of 
junctions to roundabouts 
Converting junction to 
roundabout  
Crash count / 
Damage only crashes 
 Percent change in 
accidents=0% 
Non-significant effect on 
damage only crash 
occurrence due to the 
conversion of junctions to 
roundabouts 
Converting junction to 
roundabout  
 
 
Crash count / All, 
yield sign on minor 
road 
↘ Percent change in 
accidents=-39% 
Significant reduction of 
crash occurrence due to 
the conversion of junctions 
with yields signs on minor 
roads to roundabouts 
Converting junction to 
roundabout (junctions with 
traffic signals) 
Crash count / All, 
signalised 
↘ Percent change in 
accidents=-24% 
Significant reduction of 
crash occurrence due to 
the conversion of junctions 
with traffic signals to 
roundabouts 
Converting junction to 
roundabout  
Crash count / All, 4-
legged 
↘ Percent change in 
accidents=-38% 
Significant reduction of 
crash occurrence due to 
the conversion of 4-leg 
junctions to roundabouts 
Converting junction to 
roundabout (3-leg junction) 
Crash count / All, 3-
legged 
 Percent change in 
accidents=-18% 
Non-significant reduction 
of crash occurrence due to 
the conversion of 3-leg 
junctions to roundabouts 
Converting junction to 
roundabout  
Crash count / All, rural ↘ Percent change in 
accidents=-68% 
Significant reduction of 
crash occurrence due to 
the conversion of junctions 
in rural areas to 
roundabouts 
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Author, 
Year, 
Country 
Exposure variable 
Outcome variable 
/ Outcome type  
Effects 
Main outcome -
description 
Converting junction to 
roundabout  
Crash count / All, 
urban 
↘ Percent change in 
accidents=-30% 
Significant reduction of 
crash occurrence due to 
the conversion of junctions 
in urban areas to 
roundabouts 
Flannery A. & 
Elefteriadou 
L., 1999, 
United 
States 
Conversion of intersection to 
roundabout 
Crash rate (crashes 
per year) / All 
 Absolute difference:  
-3.8 
Non-significant positive 
effect of installation of 
roundabout on all crashes 
Conversion of intersection to 
roundabout 
Crash rate (crashes 
per year) / Injury 
 Absolute difference:  
-1.25 
Non-significant positive 
effect of installation of 
roundabout on injury 
crashes 
Fortuijn, 
2009, 
Netherlands 
Conversion of intersection to 
turbo roundabout 
Crash count / Injury  percent accident 
reduction=72% 
 
Non-significant positive 
effect of turbo 
roundabouts on 
occurrence of injury 
accidents 
Garder, 2002, 
United 
States 
Conversion of intersection to 
roundabout 
Crash rate / All  Relative difference=-
54.41% 
Non-significant positive 
effect of conversion of 
two-way stop-controlled 
intersection to roundabout 
on all crashes 
Conversion of intersection to 
roundabout 
Crash rate / Injury  Relative difference=-
80% 
Non-significant positive 
effect of conversion of 
two-way stop-controlled 
intersection to roundabout 
on injury crashes 
Hydén & 
Várhelyi, 
2000, 
Sweden 
Temporary conversion of 
intersection to roundabout 
Number of conflicts 
observed during 30 
hours / Car-car 
 Relative 
difference=43.31% 
Non-significant negative 
effect of temporary 
conversion of intersection 
to roundabout on 
observed car-car conflicts 
Temporary conversion of 
intersection to roundabout 
Number of conflicts 
observed during 30 
hours / Bicycle-car 
↘ Relative  
difference=-41.56% 
Significant positive effect 
of temporary conversion 
of intersection to 
roundabout on observed 
bicycle-car conflicts 
Temporary conversion of 
intersection to roundabout 
Number of conflicts 
observed during 30 
hours / Pedestrian-car 
↘ Relative  
difference=-78.95% 
Significant positive effect 
of temporary conversion 
of intersection to 
roundabout on observed 
pedestrian-car conflicts 
Temporary conversion of 
intersection to roundabout 
Number of conflicts 
observed during 30 
hours / All 
 Relative 
difference=3.59% 
Non-significant negative 
effect of temporary 
conversion of intersection 
to roundabout on all 
observed conflicts 
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Author, 
Year, 
Country 
Exposure variable 
Outcome variable 
/ Outcome type  
Effects 
Main outcome -
description 
Temporary conversion of 
intersection to roundabout 
Expected injury crash 
rate /  Car-car 
 Relative  
difference= 2.50% 
Non-significant negative 
effect of temporary 
conversion of intersection 
to roundabout on 
expected car-car injury 
crashes 
Temporary conversion of 
intersection to roundabout 
Expected injury crash 
rate / Bicycle-car 
↘ Relative 
difference=-59.52% 
Significant positive effect 
of temporary conversion 
of intersection to 
roundabout on expected 
bicycle-car injury crashes 
Temporary conversion of 
intersection to roundabout 
Expected injury crash 
rate / Pedestrian-car 
↘ Relative  
difference=-83.33% 
Significant positive effect 
of temporary conversion 
of intersection to 
roundabout on expected 
pedestrian-car injury 
crashes 
Temporary conversion of 
intersection to roundabout 
Expected injury crash 
rate / All 
 Relative  
difference=-43.75% 
Non-significant positive 
effect of temporary 
conversion of intersection 
to roundabout on  all 
expected injury crashes 
Conversion of intersection to 
roundabout 
Number of conflicts 
observed during 30 
hours / Car-car 
 Relative  
difference=-21.42% 
Non-significant positive 
effect of conversion of 
intersection to roundabout 
on observed car-car 
conflicts 
Conversion of intersection to 
roundabout 
Number of conflicts 
observed during 30 
hours / Bicycle-car 
 Relative difference= 
172.72% 
Non-significant negative 
effect of conversion of 
intersection to roundabout 
on observed bicycle-car 
conflicts 
Conversion of intersection to 
roundabout 
Number of conflicts 
observed during 30 
hours / Pedestrian-car 
 Relative 
difference=0% 
No effect of conversion of 
intersection to roundabout 
on observed pedestrian-
car conflicts 
Conversion of intersection to 
roundabout 
Number of conflicts 
observed during 30 
hours / All 
 Relative 
difference=43.33% 
Non-significant negative 
effect of conversion of 
intersection to roundabout 
on all observed conflicts 
Conversion of intersection to 
roundabout 
Expected injury crash 
rate /  Car-car 
 Relative  
difference=-54.28% 
Non-significant positive 
effect of conversion of 
intersection to roundabout 
on expected car-car injury 
crashes 
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Author, 
Year, 
Country 
Exposure variable 
Outcome variable 
/ Outcome type  
Effects 
Main outcome -
description 
Conversion of intersection to 
roundabout 
Expected injury crash 
rate / Pedestrian-car 
 Relative 
difference=8.20% 
Non-significant negative 
effect of conversion of 
intersection to roundabout 
on expected pedestrian-
car injury crashes 
Conversion of intersection to 
roundabout 
Expected injury crash 
rate / All 
 Relative  
difference=-5.73% 
Non-significant positive 
effect of conversion of 
intersection to roundabout 
on all expected injury 
crashes 
Leuer, 2014, 
United 
States 
Conversion of intersection to 
roundabout 
Crash count / Fatal 
crashes 
 Percent accident 
reduction=80% 
Non-significant positive 
effect of installation of 
roundabout on fatal 
crashes 
Conversion of intersection to 
roundabout 
Crash count / 
Incapacitating injury 
crashes 
 Percent accident 
reduction=75% 
Non-significant positive 
effect of installation of 
roundabout on 
incapacitating injury 
crashes 
Conversion of intersection to 
roundabout 
Crash count / Non-
incapacitating injury 
crashes 
 Percent accident 
reduction=64.8% 
Non-significant positive 
effect of installation of 
roundabout on non-
incapacitating injury 
crashes 
Conversion of intersection to 
roundabout 
Crash count / Possible 
injury crashes 
 Percent accident 
reduction=43.8% 
Non-significant positive 
effect of installation of 
roundabout on possible 
injury crashes 
Conversion of intersection to 
roundabout 
Crash count / 
Property damage 
only crashes 
 Percent accident 
reduction=-37.2% 
Non-significant negative 
effect of installation of 
roundabout on property 
damage only crashes 
Conversion of intersection to 
roundabout 
Crash count / All   Percent accident 
reduction=31.6% 
Non-significant positive 
effect of installation of 
roundabout on all crashes 
Nambisan & 
Parimi, 2007, 
United 
States 
Conversion of intersection to 
roundabout 
Crash count / injury 
crashes /  minor 
intersections 
↘ Percent accident 
reduction=83.3%, CI= 
80% 
Significant positive effect 
of installation of 
roundabout on injury 
crashes 
Conversion of intersection to 
roundabout 
Crash count / All 
crashes / minor 
intersections 
 Percent accident 
reduction=53.8%, CI= 
80% 
Non-significant effect of 
installation of roundabout 
on injury crashes 
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Author, 
Year, 
Country 
Exposure variable 
Outcome variable 
/ Outcome type  
Effects 
Main outcome -
description 
Conversion of intersection to 
roundabout 
Crash count / injury 
crashes / medium 
intersections 
 Percent accident 
reduction=41.7% 
Significant positive effect 
of installation of 
roundabout on injury 
crashes 
Conversion of intersection to 
roundabout 
Crash count / All 
crashes / medium 
intersections 
 Percent accident 
reduction=21.9% 
Non-significant effect of 
installation of roundabout 
on injury crashes 
Persaud et 
al., 2000, 
United 
States 
Conversion of intersection to 
roundabout 
Crash count / All, 
urban road, stop-
controlled, single lane 
↘ Percent accident 
reduction=61% 
Significant positive effect 
of conversion of stop-
controlled single lane 
intersection on urban road 
on all crashes 
Conversion of intersection to 
roundabout 
Crash count / Injury, 
urban road, stop-
controlled, single lane 
 Percent accident 
reduction=77% 
Non-significant positive 
effect of conversion of 
stop-controlled single lane 
intersection on urban road 
on injury crashes 
Conversion of intersection to 
roundabout 
Crash count / All, rural 
road, stop-controlled, 
single lane 
 Percent accident 
reduction=58% 
Non-significant positive 
effect of conversion of 
stop-controlled single lane 
intersection on rural road 
on all crashes 
Conversion of intersection to 
roundabout 
Crash count / Injury, 
rural road, stop-
controlled, single lane 
 Percent accident 
reduction=82% 
Non-significant positive 
effect of conversion of 
stop-controlled single lane 
intersection on rural road 
on injury crashes 
Conversion of intersection to 
roundabout 
Crash count / All, 
urban road, stop-
controlled, multilane 
 Percent accident 
reduction=15% 
Non-significant positive 
effect of conversion of 
stop-controlled multilane 
intersection on rural road 
on all crashes 
Conversion of intersection to 
roundabout 
Crash count / All, 
urban road, signalised 
 Percent accident 
reduction=32% 
Non-significant positive 
effect of conversion of 
signalised intersection on 
urban road on all crashes 
Conversion of intersection to 
roundabout 
Crash count / Injury, 
urban road, signalised 
 Percent accident 
reduction=68% 
Non-significant positive 
effect of conversion of 
signalised intersection on 
urban road on injury 
crashes 
Conversion of intersection to 
roundabout 
Crash count / All ↘ Percent accident 
reduction=39% 
Significant positive effect 
of conversion of all 
intersections on all crashes 
Conversion of intersection to 
roundabout 
Crash count / Injury ↘ Percent accident 
reduction=76% 
Significant positive effect 
of conversion of all 
intersections on injury 
crashes 
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Author, 
Year, 
Country 
Exposure variable 
Outcome variable 
/ Outcome type  
Effects 
Main outcome -
description 
Conversion of intersection to 
roundabout 
Crash count / Fatal 
and incapacitating 
↘ Percent accident 
reduction=89% 
Significant positive effect 
of conversion of all 
intersections on fatal and 
incapacitating accidents 
Pommer et 
al., 2014, 
Austria 
Conversion of intersection to 
roundabout 
Crash count / All ↘ Crash modification 
factor=0.28 
Significant positive effect 
of conversion of 
intersection to roundabout 
on crash occurrence 
Conversion of intersection to 
roundabout 
Crash count / <=3 legs ↘ Crash modification 
factor=0.405 
Significant positive effect 
of conversion of 
intersections to 
roundabout with 3 or less 
legs on crash occurrence 
Conversion of intersection to 
roundabout 
Crash count / >3 legs ↘ Crash modification 
factor=0.236 
Significant positive effect 
of conversion of 
intersection to roundabout 
with more than 3 legs on 
crash occurrence 
Conversion of intersection to 
roundabout 
Crash count / urban 
road 
↘ Crash modification 
factor=0.197 
Significant positive effect 
of conversion of 
intersection to roundabout 
on urban road on crash 
occurrence 
Conversion of intersection to 
roundabout 
Crash count / rural 
road 
↘ Crash modification 
factor=0.333 
Significant positive effect 
of conversion of 
intersection to roundabout 
on rural road on crash 
occurrence 
Conversion of intersection to 
roundabout 
Crash count / no 
crosswalk or cycle 
crossing 
↘ Crash modification 
factor=0.215 
Significant positive effect 
of conversion of 
intersection to roundabout 
without crosswalk or cycle 
crossing on crash 
occurrence 
Conversion of intersection to 
roundabout 
Crash count / 
crosswalk or cycle 
crossing 
↘ Crash modification 
factor=0.459 
Significant positive effect 
of conversion of 
intersection to roundabout 
with crosswalk or cycle 
crossing on crash 
occurrence 
Conversion of intersection to 
roundabout 
Crash count / 
diameter < 35 m 
 Crash modification 
factor=0.63 
Non-significant positive 
effect of conversion of 
intersection to roundabout 
with diameter of <35 m on 
crash occurrence 
Conversion of intersection to 
roundabout 
Crash count / 
diameter >=35 m 
↘ Crash modification 
factor=0.115 
Significant positive effect 
of conversion of 
intersection to roundabout 
with diameter of >=35 m 
on crash occurrence 
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Author, 
Year, 
Country 
Exposure variable 
Outcome variable 
/ Outcome type  
Effects 
Main outcome -
description 
Conversion of intersection to 
roundabout 
Crash count / ADT < 
5500 
↘ Crash modification 
factor=0.0530 
Significant positive effect 
of conversion of 
intersection to roundabout 
with ADT < 5500 on crash 
occurrence 
Conversion of intersection to 
roundabout 
Crash count / ADT 
>=5500 
↘ Crash modification 
factor=0.382 
Significant positive effect 
of conversion of 
intersection to roundabout 
with ADT >= 5500 on crash 
occurrence  
Conversion of intersection to 
roundabout 
Crash count / severe 
injury; fatal 
↘ Crash modification 
factor=0.187 
Significant positive effect 
of conversion of 
intersection to roundabout 
on severe injury and fatal 
crashes 
Qin et al., 
2013, United 
States 
Conversion of intersection to 
roundabout 
Crash count / All, 1 
and 2 lanes; speed 
limit <45 and >45, 
traffic control: 
uncontrolled, stop 
sign on minor road, 
all-way stop signs and 
traffic signals 
 Percent accident 
reduction=9.2% 
Non-significant positive 
effect of installation of 
roundabout on all crashes 
Conversion of intersection to 
roundabout 
Crash count / Injury, 1 
and 2 lanes; speed 
limit <45 and >45, 
traffic control: 
uncontrolled, stop 
sign on minor road, 
all-way stop signs and 
traffic signals 
↘ Percent accident 
reduction=52% 
Significant positive effect 
of installation of 
roundabout on injury 
crashes 
Conversion of intersection to 
roundabout 
Crash count / All, 1 
and 2 lanes; speed 
limit <45, traffic 
control: uncontrolled, 
stop sign on minor 
road, all-way stop 
signs and traffic 
signals 
 Percent accident 
reduction=-9.94% 
Non-significant negative 
effect of installation of 
roundabout 
Conversion of intersection to 
roundabout 
Crash count / Injury, 1 
and 2 lanes; speed 
limit <45, traffic 
control: uncontrolled, 
stop sign on minor 
road, all-way stop 
signs and traffic 
signals 
 Percent accident 
reduction=52.73% 
Non-significant positive 
effect of installation of 
roundabout 
Conversion of intersection to 
roundabout 
Crash count / All, 1 
and 2 lanes; speed 
limit >45, traffic 
control: uncontrolled, 
stop sign on minor 
road, all-way stop 
signs and traffic 
signals 
 Percent accident 
reduction=34.13% 
Non-significant positive 
effect of installation of 
roundabout 
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Author, 
Year, 
Country 
Exposure variable 
Outcome variable 
/ Outcome type  
Effects 
Main outcome -
description 
Conversion of intersection to 
roundabout 
Crash count / Injury, 1 
and 2 lanes; speed 
limit >45, traffic 
control: uncontrolled, 
stop sign on minor 
road, all-way stop 
signs and traffic 
signals 
 Percent accident 
reduction=49.38% 
Non-significant positive 
effect of installation of 
roundabout 
Conversion of intersection to 
roundabout 
Crash count / All, 1 
lane; speed limit <45 
and >45, traffic 
control: uncontrolled, 
stop sign on minor 
road, all-way stop 
signs and traffic 
signals 
 Percent accident 
reduction=35.98% 
Non-significant positive 
effect of installation of 
roundabout 
Conversion of intersection to 
roundabout 
Crash count / injury, 1 
lane; speed limit <45 
and >45, traffic 
control: uncontrolled, 
stop sign on minor 
road, all-way stop 
signs and traffic 
signals 
 Percent accident 
reduction=18.2% 
Non-significant positive 
effect of installation of 
roundabout 
Conversion of intersection to 
roundabout 
Crash count / All, 2 
lanes; speed limit <45 
and >45, traffic 
control: uncontrolled, 
stop sign on minor 
road, all-way stop 
signs and traffic 
signals 
 Percent accident 
reduction=-6.23% 
Non-significant negative 
effect of installation of 
roundabout 
Conversion of intersection to 
roundabout 
Crash count / Injury, 2 
lanes; speed limit <45 
and >45, traffic 
control: uncontrolled, 
stop sign on minor 
road, all-way stop 
signs and traffic 
signals 
 Percent accident 
reduction=63.28% 
Non-significant positive 
effect of installation of 
roundabout 
Conversion of intersection to 
roundabout 
Crash count / All, 1 or 
2 lanes; speed limit 
<45 and >45, traffic 
control: uncontrolled 
 Percent accident 
reduction=-24.18% 
Non-significant negative 
effect of installation of 
roundabout 
Conversion of intersection to 
roundabout 
Crash count / Injury, 1 
or 2 lanes; speed limit 
<45 and >45, traffic 
control: uncontrolled 
 Percent accident 
reduction=100% 
Non-significant positive 
effect of installation of 
roundabout 
Conversion of intersection to 
roundabout 
Crash count / All, 1 or 
2 lanes; speed limit 
<45 and >45, traffic 
control: stop signs on 
minor road 
 Percent accident 
reduction=24.89% 
Non-significant positive 
effect of installation of 
roundabout 
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Author, 
Year, 
Country 
Exposure variable 
Outcome variable 
/ Outcome type  
Effects 
Main outcome -
description 
Conversion of intersection to 
roundabout 
Crash count / Injury, 1 
or 2 lanes; speed limit 
<45 and >45, traffic 
control: stop signs on 
minor road 
 Percent accident 
reduction=35.03% 
Non-significant positive 
effect of installation of 
roundabout 
Conversion of intersection to 
roundabout 
Crash count / All, 1 or 
2 lanes; speed limit 
<45 and >45, traffic 
control: all-way stop 
signs 
 Percent accident 
reduction=-11.36% 
Non-significant negative 
effect of installation of 
roundabout 
Conversion of intersection to 
roundabout 
Crash count / Injury, 1 
or 2 lanes; speed limit 
<45 and >45, traffic 
control: all-way stop 
signs 
 Percent accident 
reduction=45.6% 
Non-significant positive 
effect of installation of 
roundabout 
Conversion of intersection to 
roundabout 
Crash count / All, 1 or 
2 lanes; speed limit 
<45 and >45, traffic 
control: traffic signals 
 Percent accident 
reduction=4.45% 
Non-significant positive 
effect of installation of 
roundabout 
Conversion of intersection to 
roundabout 
Crash count / Injury, 1 
or 2 lanes; speed limit 
<45 and >45, traffic 
control: traffic signals 
 Percent accident 
reduction=65.21% 
Non-significant positive 
effect of installation of 
roundabout 
Retting et al., 
2001, United 
States 
Conversion of intersection to 
roundabout 
Crash count / All, 
urban road, stop-
controlled, single lane 
 Percent accident 
reduction=61% 
Non-significant positive 
effect of conversion of 
stop-controlled, single 
lane intersections on 
urban road to roundabouts 
on all crashes 
Conversion of intersection to 
roundabout 
Crash count / Injury, 
urban road, stop-
controlled, single lane 
 Percent accident 
reduction=77% 
Non-significant positive 
effect of conversion of 
stop-controlled, single 
lane intersections on 
urban road to roundabouts 
on injury crashes 
Conversion of intersection to 
roundabout 
Crash count / All, rural 
road, stop-controlled, 
single lane 
 Percent accident 
reduction=58% 
Non-significant positive 
effect of conversion of 
stop-controlled, single 
lane intersections on rural 
road to roundabouts on all 
crashes 
Conversion of intersection to 
roundabout 
Crash count / Injury, 
rural road, stop-
controlled, single lane 
 Percent accident 
reduction=82% 
Non-significant positive 
effect of conversion of 
stop-controlled, single 
lane intersections on rural 
road to roundabouts on 
injury crashes 
Conversion of intersection to 
roundabout 
Crash count / All, 
urban road, stop-
controlled, multilane 
 Percent accident 
reduction=5% 
Non-significant positive 
effect of conversion of 
stop-controlled, multilane 
intersections on rural road 
to roundabouts on all 
crashes 
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Author, 
Year, 
Country 
Exposure variable 
Outcome variable 
/ Outcome type  
Effects 
Main outcome -
description 
Conversion of intersection to 
roundabout 
Crash count / All, 
urban road, signalised 
 Percent accident 
reduction=35% 
Non-significant positive 
effect of conversion of 
signalised intersections on 
urban road to roundabouts 
on all crashes 
Conversion of intersection to 
roundabout 
Crash count / Injury, 
urban road, signalised 
 Percent accident 
reduction=74% 
Non-significant positive 
effect of conversion of 
signalised intersections on 
urban road to roundabouts 
on injury crashes 
Conversion of intersection to 
roundabout 
Crash count / All ↘ Percent accident 
reduction=38% 
Significant  positive effect 
of conversion of all 
intersections to 
roundabouts on all crashes 
Conversion of intersection to 
roundabout 
Crash count / Injury ↘ Percent accident 
reduction=76% 
Significant positive effect 
of conversion of all 
intersections to 
roundabouts on injury 
crashes 
Conversion of intersection to 
roundabout 
Crash count / Fatal 
and incapacitating 
↘ Percent accident 
reduction=89% 
Significant positive effect 
of conversion of all 
intersections to 
roundabouts on fatal and 
incapacitating crashes 
Russell et al., 
2002, United 
States 
Conversion of intersection to 
roundabout 
Crash count ↘ Absolute difference = 
2.3333 (accidents per 
year) 
Significant positive effect 
of installation of  the 
Manhattan roundabout 
Conversion of intersection to 
roundabout 
Crash count ↘ Absolute difference = 
17 (accidents in a 19-
month-period) 
Significant positive effect 
of installation of the 
Hutchinson roundabout 
Saccomanno 
et al., 2008, 
United 
States 
Conversion of intersection to 
roundabout 
Crash potential index 
(CPI) 
↘ F=70.70, CI=95% Significant positive effect 
of installation of 
roundabouts 
Conversion of intersection to 
roundabout 
Crash potential index 
(CPI) / Dry / Low 
traffic volume 
- Percent change=0.83 No detailed information 
concerning the individual 
effects 
Conversion of intersection to 
roundabout 
Crash potential index 
(CPI) / Dry / Medium 
traffic volume 
- Percent change=0.93 No detailed information 
concerning the individual 
effects 
Conversion of intersection to 
roundabout 
Crash potential index 
(CPI) / Dry / High 
traffic volume 
- Percent change=0.93 No detailed information 
concerning the individual 
effects 
Conversion of intersection to 
roundabout 
Crash potential index 
(CPI) / Wet / Low 
traffic volume 
- Percent change=0.25 No detailed information 
concerning the individual 
effects 
Conversion of intersection to 
roundabout 
Crash potential index 
(CPI) / Wet / Medium 
traffic volume 
- Percent change=0.22 No detailed information 
concerning the individual 
effects 
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Author, 
Year, 
Country 
Exposure variable 
Outcome variable 
/ Outcome type  
Effects 
Main outcome -
description 
Conversion of intersection to 
roundabout 
Crash potential index 
(CPI) / Wet / High 
traffic volume 
- Percent change=0.26 No detailed information 
concerning the individual 
effects 
Zhao et al., 
2015, United 
States 
Conversion of intersection to 
roundabout 
Crash count / All, 
two-way stop-
controlled 
↘ Relative 
difference=58.13% 
Significant positive effect 
of conversion of two-way 
stop controlled 
intersections into 
roundabout on all crashes 
Conversion of intersection to 
roundabout 
Crash count / Fatal, 
two-way stop-
controlled 
↘ Relative 
difference=100% 
Significant positive effect 
of conversion of two-way 
stop controlled 
intersections into 
roundabout on fatal 
crashes 
Conversion of intersection to 
roundabout 
Crash count / Injury, 
two-way stop-
controlled 
↘ Relative 
difference=76.47% 
Significant positive effect 
of conversion of two-way 
stop controlled 
intersections into 
roundabout on injury 
crashes 
Conversion of intersection to 
roundabout 
Crash count / 
Damage only, two-
way stop-controlled 
↘ Relative 
difference=35.49% 
Significant positive effect 
of conversion of two-way 
stop controlled 
intersections into 
roundabout on damage 
only crashes 
   *Significant effects on road safety are coded as: positive (↘), negative (↗) or non-significant () 
 
  
SafetyCube | Synopsis on convert junction to roundabout | WP5  28 
3.2 FULL LIST OF STUDIES 
3.2.1 Meta-analysis 
Elvik R. (2015). Roundabouts. The Handbook of Road Safety Measures, Norwegian (online) version. 
Following studies were concluded in the Meta-analysis: 
Brabander, B.D., Vereeck, L. (2007). Safety effects of roundabouts in Flanders: Signal type, speed 
limits and vulnerable road users. Accident Analysis and Prevention, 39, 591-599. 
Brilon, W., B. Stuwe & O. Drews. (1993). Sicherheit und Leistungsfähigkeit von 
Kreisverkehrsplätzen. FE Nr 77359/91. Lehrstuhl für Verkehrswesen, Ruhr-Universität 
Bochum. 
Brüde, U. & J. Larsson.  (1985). Korsningsåtgärder vidtagna inom vägförvaltningarnas 
trafiksäkerhetsarbete. Regressions- och åtgärdseffekter. VTI-rapport 292. Statens väg- och 
trafikinstitut (VTI), Linköping. 
Brüde, U. & J. Larsson.  Trafiksäkerhet i tätortskorsningar (1992). VTI-meddelande 685. Statens väg- 
och trafikinstitut (VTI), Linköping. 
Bureau of Transport and Communication Economics (1995). Evaluation of the black spot program.
 Report 90, Bureau of Transport and Communication Economics (BTCE), Canberra. 
Cedersund, H-Å. (1983a). Cirkulationsplatser. VTI-meddelande 361. Statens väg- och trafikinstitut 
(VTI), Linköping. 
Cedersund, H-Å. (1983b). Olyckor i tätortskorsningar. VTI-meddelande 362. Statens väg- och 
trafikinstitut (VTI), Linköping. 
Dagersten, A. (1992). Roundabouts in Switzerland and Sweden. Thesis 72. University of Lund, Lund 
Institute of Technology, Department of Traffic Planning and Engineering, Lund, Sweden. 
De Pauw, E., Daniels, S., Brijs, T., Hermans, E., Wets, G. (2014). Safety effects of an extensive black 
spot treatment programme in Flanders-Belgium. Accident Analysis and Prevention, 66, 72-
79. 
Flannery, A. & T. K. Datta (1996). Modern Roundabouts and Traffic Crash Experience in the United 
States. Paper 960658. Transportation Research Board 75th Annual Meeting January 7-11, 
1996 Washington D.C. 
Flannery, A., Elefteriadou, L., Koza, P., McFadden, J. (1998). Safety, delay, and capacity of single-
lane roundabouts in the United Stated. Transportation Research Record, 1646, 63-70. 
Giæver, T. (1990). Ulykkesfrekvenser i rund kjøringer og signalregulerte kryss. STF63 A90002. 
SINTEF Samferdselsteknikk, Trondheim. 
Giæver, T. (1997). Rundkjøringer i Hordaland – ulykkesanalyser, utforming og trafikantatferd. 
Rapport STF22 A97601. SINTEF Bygg og miljøteknikk, samferdsel, Trondheim. 
Green, H. (1977). Accidents at off-side priority roundabouts with mini or small islands. TRRL 
Laboratory Report 774. Transport and Road Research Laboratory, Crowthorne, Berkshire. 
SafetyCube | Synopsis on convert junction to roundabout | WP5  29 
Gross, F., Lyon, C., Persaud, B., Srinivasan, R. (2013). Safety effectiveness of converting signalized 
intersections to roundabouts. Accident Analysis and Prevention, 50, 234-241. 
Hall, R. D. & M. McDonald (1988). Junction design for safety. Paper presented at Roads and Traffic 
2000, International Road and Traffic Conference, Berlin, 6-9 September 1988. Proceedings, 
Vol 4-2, 147-151. 
Holzwarth, J. (1992). Ausserorts-Kreisverkehrsplätze zur Unfallstellenbeseitigung. Ergebnisse 
zweier Modellvorhaben in Baden-Württemberg. Strassensverkehrstechnik, 36, 142-146. 
Hu, W., McCartt, A. T., Jermakian, J. S., Mamndavilli, S. (2014). Public opinion, traffic performance, 
the environment, and safety after construction of double-lane roundabouts. Transportation 
Research Record, 2402, 47-55. 
Huber, C. A. & F. Bühlmann (1994). Sicherheit von Kreiselanlagen. Erfahrungen und vorläufige 
Empfehlungen. Pilotstudie. Schweitzerische Beratungsstelle für Unfallverhütung, Bern. 
Hydén, C., K. Odelid & A. Várhelyi (1992). Effekten av generell hastighetsdämpning i tätort. Resultat 
av et storskaligt försök i Växjö. I. Huvudrapport. Lunds Tekniske Høgskola, Institutionen för 
trafikteknik, Lund. 
Johannessen, S. (1985). Rundkjøringer. Forslag til retningslinjer basert på data om 35 rundkjøringer. 
STF63 A85008. SINTEF Samferdselsteknikk, Trondheim. 
Jørgensen, E. & N. O. Jørgensen (1992). Er der mere nyt om rundkørsler? Dansk Vejtidsskrift, 12, 29-
31. 
Jørgensen, E. & N. O. Jørgensen (1994). Sikkerhed i nyere danske rundkørsler. Paper presentert ved 
Trafikdage ved Aalborg Universitets Center (AUC), 28-30 august, 1994. Proceedings, 191-
198. Aalborg. 
Jørgensen, N. O. (1991). Rundkørslers kapacitet og sikkerhed. Dokumentasjonsrapport. Danmarks 
Tekniske Højskole, Institut for veje, trafik og byplan, København. 
Kristiansen, P. (1992). Erfaringer med rundkjøringer i Akershus. Statens vegvesen Akershus, Oslo. 
Lahrmann, H. (1981). Rundkørsler: trafiksikkerhed, geometrisk udformning, kapacitet.  
Vejdirektoratet, Sekretariatet for Sikkerhedsfremmende Vejforanstaltninger (SVV), 
Næstved. 
Lalani, N. (1975). The impact on accidents of the introduction of mini, small and large roundabouts 
at major/minor priority junctions. Traffic Engineering and Control, 16, 560-561. 
Meuleners, L., Hendrie, D., Lee, A. H. & Legge, M. (2008). Effectiveness of the Black Spot Programs 
in Western Australia. Accident Analysis and Prevention, 40, 1211-1216. 
Mountain L., Maher, M. & Fawaz, B. (1998). Improved estimates of the safety effects of accident 
remedial schemes. Traffik Engineering and Control, 10, 554-554. 
Newstead, S., & Corben, B. (2001). Evaluation of the 1992-1996 Transport Accident Commission 
funded accident black spot treatment program in Victoria. Report No. 182. Melbourne, 
Australia: Monash University Accident Research Centre. 
SafetyCube | Synopsis on convert junction to roundabout | WP5  30 
Nygaard, H. C. (1988). Erfaringer med rundkjøringer i Akershus. Statens vegvesen Akershus, Oslo. 
Odberg. T. A. (1996). Erfaringer med rundkjøringer i Vestfold. Hovedoppgave i samferdselsteknikk. 
Trondheim, NTNU, Institutt for samferdselsteknikk. 
Oslo Veivesen (1995). Ulykkesanalyse. Rundkjøringer i Oslo. Statens Vegvesen, Oslo. 
Persaud, B.N., Retting, R.A., Gårder, P.E. & Lord, D. (2001). Observational before-after study of the 
safety effect of US roundabout conversions using the Empirical Bayes method. TRB paper 
01-0562. Washington DC, Transportation Research Board. 
Schelling, A. og Jespersen, L. K. (2009). Sorte pletter på statsveje. Evaluering 2009. Vejdirektoratet, 
København. 
Schnüll, R., W. Haller & H. Von Lübke (1992). Sicherheitsanliegen bei der Umgestaltung von 
Knotenpunkten in Städten. Forschungsberichte der Bundesanstalt für Strassenwesen (BASt) 
253. Bundesanstalt für Strassenwesen, Bergisch-Gladbach. 
Schoon, C. C. & J. Van Minnen (1993). Ongevallen op rotondes II. Tweede onderzoek naar de 
onveiligheid van rotondes vooral voor fietsers en bromfietsers. R-93-16. Stichting 
Wetenschappelijk Onderzoek Verkeersveiligheid, SWOV, Leidschendam. 
Seim, R. (1994). Analyse av kryssulykker i Akershus fylke 1990-93. Hovedoppgave i 
samferdselsteknikk høsten. Norges Tekniske Høgskole, Institutt for samferdselsteknikk, 
Trondheim. 
Senneset, G. (1983). Rundkjøringer. Del II Hovedrapport.  Erfaringer fra utvalgte rundkjøringer i 
Norge. STF63 A83001 II. SINTEF Samferdselsteknikk, Trondheim. 
Tudge, R. T. (1990). Accidents at roundabouts in New South Wales. Proceedings of the 15th ARRB 
Conference, Part 5, 331-349. Australian Road Research Board, Vermont South, Australia. 
Jensen, S.U. (2013). Safety effects of converting intersections to roundabouts. Transportation 
Research Record, 2389, 22-29. 
Van Minnen, J. (1990). Ongevallen op rotondes. Vergelijkende studie van de onveiligheid op een 
aantal locaties waar een kruispunt werd vervangen door een "nieuwe" rotonde. R-90-47. 
Stichting Wetenschappelijk Onderzoek Verkeersveiligheid, SWOV, Leidschendam. 
Voss, H. (1994). Zur Verkehrssicherheit innenörtlicher Knotenpunkte. Zeitschrift für 
Verkehrssicherheit, 40, 68-72. 
Værø, H. (1992a). Effekt af sortpletbekæmpelse i Hillerød. Vejdirektoratet, 
Trafiksikkerhedsafdelingen, København. 
Værø. H. (1992b). Effekt af sortpletbekæmpelse i Nyborg. Vejdirektoratet, 
Trafiksikkerhedsafdelingen, København. 
Værø, H. (1992c) Effekt af sortpletbekæmpelse i Silkeborg. Vejdirektoratet, 
Trafiksikkerhedsafdelingen, København. 
Værø, H. (1992d) Effekt af sortpletbekæmpelse i Skælskør. Vejdirektoratet, 
Trafiksikkerhedsafdelingen, København. 
SafetyCube | Synopsis on convert junction to roundabout | WP5  31 
3.2.2 Original studies 
Brilon W. & Harding J. (2008). Turbo-Kreisverkehr in Baden-Baden – Teil 2: Verkehrs- und 
sicherheitstechnische Untersuchung. Straße und Autobahn 5, pp. 290-299. 
Daniels S., Nuyts E., Wets G. (2008). The effects of roundabouts on traffic safety for bicyclists: An 
observational study. Accident Analysis and Prevention 40, pp. 518-526.  
De Brabander B., Nuyts E., Vereeck L. (2005). Road safety effects of roundabouts in Flanders. 
Journal of Safety Research 36, pp. 289-296.  
Flannery A., Elefteriadou L. (1999). A review of Roundabout Safety Performance in the United 
States. Enhancing Transportation Safety in the 21st Century ITE International Conference.  
Fortuijn F.G.H. (2009). Turbo Roundabouts, Design Principles and Safety Performance. 
Transportation Research Record: Journal of the Transportation Research Board No. 2096, 
pp. 16-24. 
Garder P. (2002). Long-Term Evaluation of the Gorham Roundabout. 4th Transportation Specialty 
Conference of the Canadian Society for Civil Engineering.  
Hydén C. & Várhelyi A. (2000). The effects on safety, time consumption and environment of large 
scale use of roundabouts in an urban area: a case study. Accident Analysis and Prevention 
32, 11-23.  
Leuer D. (2014). A Study of the Traffic Safety at Single Lane Roundabouts in Minnesota. Office of 
Traffic, Safety, and Technology Minnesota Department of Transportation.  
Nambisan S.S. & Parimi V. (2007). Comparative Evaluation of the Safety Performance of 
Roundabouts and Traditional Intersection Controls. ITE Journal / March 2007, pp. 18-25.  
Persaud B.N., Retting R.A., Garder P.E., Lord D. (2000). Crash Reductions Following Installation of 
Roundabouts in the United States. Insurance Institute for Highway Safety. Ryerson 
Polytechnic University, Department of Civil Engineering.  
Pommer A., Ströbitzer E., Hauger G. (2014). CMF – Eine Methode zur Bewertung von 
Verkehrssicherheitsmaßnahmen am Beispiel von Kreisverkehren. Zeitschrift für 
Verkehrssicherheit 1.2014, pp. 13-18.  
Qin X., Bill A., Chitturi M., Noyce D.A. (2013). Evaluation of Roundabout Safety. 92nd Annual 
meeting of the Transportation Research Board.  
Retting R.A., Persaud B.N., Garder P.E., Lord D. (2001). Crash and Injury Reduction Following 
Installation of Roundabouts in the United States. American Journal of Public Health 91, pp. 
628-631.  
Russell E.R., Luttrell G., Rys M. (2002). Roundabout Studies in Kansas. 4th Transportation Specialty 
Conference of the Canadian Society for Civil Engineering.  
Saccomanno F.F., Cunto F., Guido G., Vitale A. (2008). Comparing Safety at Signalized Intersections 
and Roundabouts Using Simulated Rear-End Conflicts. Journal of the Transportation 
Research Board 2078, pp. 90-95.  
SafetyCube | Synopsis on convert junction to roundabout | WP5  32 
Zhao S., Khattak A.J., Thompson E.C. (2015). Safety and Economic Assessment of Converting Two-
Way Stop-Controlled Intersections to Roundabouts on High Speed Rural Highways. JTRF 
Volume 54, pp. 131-144.  
3.2.3 References on further background information 
Elvik, R., Høye, A., Vaa, T., Sørensen, M. (2009). The Handbook of Road Safety Measures. Second 
edition. Emerald Group. Bingley. 
Gross F., Lyon C., Persaud B., Srinivasan R. (2013). Safety effectiveness of converting signalized 
intersections to roundabouts. Accident Analysis and Prevention 50, pp. 234-241.  
Khan, G., Bill, A., Chiu, D., Noyce, D. (2013). Safety Evaluation of Wisconsin Roundabouts: Phase 2. 
Wisconsin Department of Transportation. 
Yannis, G. / Papadimitriou, E. / Evgenikos, P. (2011): Effectiveness of Road Safety Measures at 
Junctions. 1st International Conference on Access Management. Athens. 
 
 
SafetyCube | Synopsis on convert 4-Leg-Junction to Staggered Junction | WP5  1 
Synopsis 41: Convert 4-Leg-Junction 
to Staggered Junction 
  
SafetyCube | Synopsis on convert 4-Leg-Junction to Staggered Junction | WP5  2 
1 Summary 
 
Soteropoulos, A. & Stadlbauer, S.; March 2017 
 
1.1 COLOUR CODE 
Grey: The conversion of 4-leg junctions to staggered T-junctions appears to reduce injury crash 
occurrence, especially when the percentage of side road traffic amount is high. However, at sites 
where the latter is low, an increase in crash occurrence is seen. 
 
1.2 KEYWORDS 
Staggered junction; offset T-intersection; conversion; junction; staggering 
 
1.3 ABSTRACT 
From the studies identified in the international literature, it seems that the conversion of 4-leg 
junctions to staggered T-junctions statistically significantly reduces injury crash occurrence, 
especially when the percentage of side road traffic amount is high. However, converting 4-leg 
junctions to staggered T-junctions when the percentage of side road traffic amount is low, appears 
to significantly increase injury as well as property damage only crash occurrence. Even though 
positive effects in general are seen if converting crossroads to staggered T-arms, negative estimates 
might appear when it comes to different road networks, traffic loads or crash types. One European 
meta-analysis was included, research was mainly carried out in the United States and Australia. 
Therefore, the transferability may be questioned because of potential regional characteristics.  
 
 
1.4 BACKGROUND 
1.4.1 What is convert 4-leg-junction to staggered junction 
A conversion of a 4-leg-junction to a staggered junction is the conversion of a 4-leg-junction 
(crossroad) into two 3-leg junctions (T-intersections or T-arms) (Rossow & Fischer 2006). Staggered 
junctions (or offset T-intersections) can be constructed in two ways: left-right staggering and right-
left staggering. This conversion from a cross intersection into a pair of T-intersections is mainly 
implemented in rural areas (Yannis et al. 2012). 
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Figure 1. Left-Right and Right-Left Junction staggering (Yannis et al. 2012) 
 
1.4.2 How does convert 4-Leg-junction to Staggered Junction affect road safety? 
Staggered junctions aim to reduce the number of conflict points at junctions. This is because in 
general 4-leg junctions have higher accident rates than 3-leg junctions, since they have more conflict 
points between the streams of traffic (Yannis et al. 2012). Junctions with four approaches make 
higher demands on road user alertness and behaviour than junctions with three approaches (Elvik et 
al. 2009). Converting 4-leg junctions to staggered junctions eliminates crossing manoeuvres and 
reduces the number of potential conflicts (Bared & Kaisar 2001). They make the task of crossing the 
junction simpler for road users (Elvik et al. 2009). 
  
Figure 2. Potential conflict locations at a 4-leg junction (left) and a staggered junction (right) for 
2x2-lane junction (Bared & Kaisar 2001) 
 
1.4.3 Which safety outcomes are affected by converting 4-leg-junctions to staggered 
junctions? 
In the international literature, the effect of the conversion of 4-legged-junctions to staggered 
junctions on road safety has been measured on one basic outcome, namely accident frequency 
(number of crashes occurred). Different crash types were investigated, whereas no distinction 
regarding road user types was made.  
 
1.4.4 How is the effect of converting 4-leg-junctions to staggered junctions studied? 
International literature indicated that the effect of converting 4-leg-junctions to staggered junctions 
on road safety is often examined by conducting before-after designs. These (quasi-)experimental 
methods are very suitable regarding crash occurrence. Furthermore, one study used a negative 
binomial model of crash occurrence.  
 
The studies identified focused both on rural and urban intersections. Most research has been done in 
the United States but one study from Australia and one Norwegian meta-analysis with international 
literature were also included.  
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1.5 OVERVIEW RESULTS 
There were four studies coded for the conversion of crossroads to staggered T-arms. Among those, 
one was a meta-analysis including international studies also focusing on the traffic volume on the 
side road.  
 
1.5.1 Main results 
Even if converting crossroads to staggered T-arms has positive effects in general, negative 
estimates might appear when it comes to different road networks, traffic loads or crash types.  
 
The meta-analysis shows that when it comes to converting 4-legged junctions to staggered 3-legged 
junctions in general the measure leads to significant safety improvements as injury accidents were 
reduced by 20%. The amount of traffic on the side road has a significant impact on the effect of 
converting crossroads to staggered T-arms. If there is a low amount (<15%) the conversion leads to 
significantly more crashes (34% more injury crashes and 15% more damage only crashes. If the 
volume increases, there are significantly less injury accidents occurring (25% to 33% crash 
reduction).  
 
The main findings of the other included studies are:  
• There were differences between left-right offsets and right-left offsets, however in a non-
significant way.  
• Results of the meta-analysis show a bigger effect when it comes to injury crashes compared 
to property damage only accidents.   
 
1.5.2 Transferability 
Since there is a meta-analysis included, the amount of four coded studies seems to be sufficient. 
Results were primarily found for motor vehicle crashes. Even though there was one meta-analysis 
including studies from Europe, research was mainly carried out in the Unites States and Australia. 
The transferability may be questioned because of potential regional characteristics.  
 
 
1.6 NOTES ON ANALYSIS METHODS 
In general, the coded studies are of sufficient quality and methodologically sound. However, some 
of the studies used only a small sample for investigation. 
 
 
 
SafetyCube | Synopsis on convert 4-Leg-Junction to Staggered Junction | WP5  5 
2 Scientific overview 
 
 
2.1 LITERATURE REVIEW 
2.1.1 Analysis of study designs and methods 
Overall three studies and one meta-analysis on the effect of converting 4-leg-junctions to staggered 
junctions were selected and coded. All studies focus on accident frequency. The majority of the 
studies (Rossow & Fischer 2006; Newstead & Corben 2001) used (quasi-)experimental before-after 
designs. The meta-analysis found (Høye 2014) included studies with random effects. Another study 
(Bared & Kaisar 2001) deployed negative binomial models (safety performance functions) to analyse 
the effect of converting crossroads to staggered junctions. 
The studies identified focus on urban as well as on suburban and rural intersections. Research was 
carried out in the United States (2 studies), Norway (meta-analysis) and Australia (1 study). For 
conducting the meta-analysis besides studies from the United States and Norway, studies from 
Denmark and Sweden were also used. 
Table 1 illustrates an overview of the main features of coded studies (sample, method, etc.). 
 
Table 1 Description of coded studies 
Author,  
Year, 
Country 
Sample, method/design  
and analysis 
 
Reference group 
Additional information 
on analysis 
Bared & 
Kaisar, 2001, 
United States 
Observational, mainly negative binomial 
models (Safety Performance Functions) 
negative binomial 
model of crash 
occurrence 
- urban and rural intersections 
Høye 2014; 
Norway 
Meta-analysis including 9 studies with 
random effects 
Meta-analysis with 
random effects and 
fixed effects 
- Meta-analysis includes 
studies from Denmark, 
Norway, Sweden and the 
United States 
Newstead & 
Corben, 2001, 
Australia 
Quasi-experimental, before-after analysis 
of 559 different sites 
before-after analysis 
of crash occurrence 
untreated 
intersections 
Focus on hazardous sites 
throughout Victoria, 
Australia 
Rossow & 
Fischer, 2006, 
United States 
Quasi-experimental, before-after 
analysis, including accident data of two 
intersections from 1990-2004 
before-after analysis 
of crash occurrence 
- - 
 
2.1.2 Study results 
From the studies identified in the international literature, it seems that the conversion of 4-leg 
junctions to staggered T-junctions statistically significantly reduces crash occurrence, especially 
when the percentage of side road traffic amount is high: in her meta-analysis Høye (2014) indicated 
that for all junctions the conversion to staggered junctions showed a significant reduction of injury 
crashes of 20%, whereas property damage only crashes increased in a non-significant way. When 
there is a low percentage of traffic on the side road (<15%) staggering leads to significantly more 
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injury crashes (34%) and property damage only crashes (15%). If the percentage of side road traffic 
increases to 15-30%, injury crashes are significantly reduced by 25%. If the amount of side road 
traffic is greater than 30%, injury crashes are significantly reduced by 33%.  
Results of Newstead & Corben (2001) also indicate a reduction of crash occurrence due to the 
conversion of 4-leg junctions to staggered T-junctions of 86%, however, in a non-significant way. 
 
Results of Bared & Kaisar (2001) indicate that for rural 2x2-lane two-way stop control intersections 
on an aggregate level, the converting of a crossroad to an offset T-arm reduces total crash 
occurrence as well as injury crash occurrence. A reduction of crash occurrence through the 
conversion of a crossroad to a staggered intersection is also described for 2x4-lane two-way stop 
control intersections, for divided four-lane highways with design speeds greater than 80 km/h and 
for urban 2x2-lane signalized intersections (at higher ADTs). However, results were non-significant.  
Furthermore, Rossow & Fischer (2006) indicate that converting crossroads to left-right or right-left 
staggered intersections leads to a reduction of total crash occurrence, however, no test for 
statistical significance is mentioned and the analysis was done at two sites only. 
 
1.3.1 Description of analysis carried out 
2.1.2.1 Review-type analysis 
Considering the number of studies with the relevant estimates is was decided that neither a meta-
analysis nor a vote-count analysis can be conducted. Hence, to find an overall estimate of the 
absence of access control a review-type analysis was chosen.  
The only significant results were presented in the Norwegian meta-analysis. The effects of 
staggering 4-legged junctions was neither limited to different road user groups nor to different road 
networks. However, as presented above, there are mixed results when it comes to different traffic 
amounts on the side road.  
It can be summarised that staggering crossroads leads to both significant positive as well as 
negative effects on road safety.  
Hence, on the basis of both study and effect numbers, it can be argued that staggering crossroads 
has a positive effect on road safety. However, there were also significant negative estimates 
presented for intersections with a low traffic amount on the minor road. Since there were also 
negative results, a grey colour code was assigned.  
2.2 CONCLUSION 
Studies on the effect of converting crossroads to staggered T-arms identified in the international 
literature focused on accident frequency as an outcome. 
  
Regarding the conversion, in general studies present (non-)significant positive effects on road 
safety. But when traffic volume on the side road was taken into consideration, significant negative 
estimates were also presented. If there is a low amount (<15%) the number of crashes increases, 
while injury crashes decrease with higher traffic loads. Injury accidents are clearly affected more 
than property damage only crashes. 
 
Since there were different results for different conditions a specific conclusion can hardly be made. 
Still, it was shown that staggering junctions has mainly positive effects on road safety. This is also 
shown by the qualitative review-type analysis.  
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3 Supporting document 
 
 
3.1 METHODOLOGY 
3.1.1 Literature Search strategy 
The literature search was conducted in November and December 2016. It was carried out in four 
databases with similar search strategies. The following databases were browsed through during the 
literature search: ‘Scopus’, ‘Science Direct’, ‘TRID’ and ‘Taylor and Francis Online’. Detailed search 
terms, as well as their linkage with logical operators and combined queries are shown in the 
following tables. The study scope did not exclude countries or source types like “Journal” or 
“Project”. In some of the searches remaining studies were limited to subject areas (e.g. 
“Engineering”). Out of the overall 278 potentially eligible studies, after screening the abstracts of 
these 278 studies the full-text was obtained from only 5, but none of these studies was coded and 
included in the synopsis. Other already known or during the literature search occasionally (e.g. via 
Google) found studies, as well as studies found in the literature search for other topics and including 
effects for converting 4-legged junction to staggered junction were added as additional studies (4). 
The reference lists of the studies were only partly checked. 
 
Table 3 Literature search strategy, database: Scopus 
search no. search terms / operators / combined queries hits 
#1 TITLE-ABS-KEY ( "junction"  OR  "intersection"  OR  "crossroad"  AND  
"staggering"  OR  "staggered" )  AND  PUBYEAR  >  1989 
256 
#2 TITLE-ABS-KEY ( "junction"  OR  "intersection"  OR  "crossroad"  AND  
"staggering"  OR  "staggered" )  AND  PUBYEAR  >  1989  AND  ( LIMIT-TO ( 
SUBJAREA ,  "ENGI" ) ) 
87 
 
 
Table 4 Literature search strategy, database: ScienceDirect 
search no. search terms / operators / combined queries hits 
#1 pub-date > 1989 and (intersection OR junction OR crossroad) and (staggering 
OR staggered) 
8,128 
#2 pub-date > 1989 and TITLE-ABSTR-KEY(intersection OR junction OR crossroad) 
and TITLE-ABSTR-KEY(staggering OR staggered ) 
61 
#3 pub-date > 1989 and ("junction" OR "intersection" AND "convert" OR 
"conversion" AND "staggered" OR "offset" AND "measure" OR "treatment" 
AND "safety") and TITLE-ABSTR-KEY("staggered" OR "offset" OR "junction" 
OR "intersection")[All Sources(Engineering)]. 
92 
 
 
Table 5 Literature search strategy, database: TRID 
search no. search terms / operators / combined queries hits 
#1 Keywords (intersection OR junction AND staggering OR staggered) in: 
Passenger Transportation,  Pedestrians and Bicyclists, Public Transportation, 
Safety and Human Factors, Transportation (General) 
5,048 
#2 Keywords (junction AND staggering OR staggered) in: Passenger 
Transportation,  Pedestrians and Bicyclists, Public Transportation, Safety and 
Human Factors, Transportation (General) 
89 
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Table 6 Literature search strategy, database: Taylor & Francis Online 
search no. search terms / operators / combined queries hits 
#1 Search Abstract (junction AND staggering OR staggered AND effect AND 
safety) 
10 
 
Table 7 Results Literature Search 
Database Hits 
Scopus (remaining papers after several limitations/exclusions) 87 
Science Direct 92 
TRID 89 
Taylor & Francis Online 10 
Total number of studies to screen title/ abstract 278 
 
The final 4 studies included in the synopsis indicate that the topic has been investigated to a 
sufficient extent. The prioritising criteria for coding were the following, however all studies codable 
and suitable for the topic, were coded. 
 
- Prioritizing Step A (e.g. meta-analysis first) 
- Prioritizing Step B (most recent studies) 
- Prioritizing Step C (Journals over conferences and reports) 
- Prioritizing Step D (Prestigious journals over other journals and conference papers) 
 
One meta-analysis was found. 
 
3.1.2 Exploratory analysis of results 
Table 8 presents information on the main outcomes of coded studies on converting 4-leg-junction to 
staggered junctions. 
 
Table 8 Main outcomes of coded studies on Convert 4-Leg-Junction to Staggered Junction 
Author, 
Year, 
Country 
Exposure variable 
Outcome 
variable / 
Outcome 
type  
Effects Main outcome description 
Bared & 
Kaisar, 
2001, 
United 
States 
Conversion of cross 
intersection to offset t-
intersection (2x2-lane 
two-way stop control, 
rural intersection) 
Crash count / 
All 
 percent accident 
reduction=20-30% 
 
Non-significant reduction of crash occurrence 
due to conversion of crossroad to offset t-
intersection (2x2-lane two-way stop control, 
rural intersection) 
Conversion of cross 
intersection to offset t-
intersection (2x2-lane 
two-way stop control, 
rural intersection) 
crash count / 
fatal/injury 
crashes 
 percent accident 
reduction= approx. 
40% 
 
Non-significant reduction of injury crash 
occurrence due to conversion of crossroad to 
offset t-intersection (2x2-lane two-way stop 
control, rural intersection) 
Conversion of cross 
intersection to offset t-
intersection (2x4-lane 
two-way stop control, 
rural intersection) 
Crash count / 
All 
 percent accident 
reduction=40-60% 
 
Non-significant reduction on crash 
occurrence due to conversion of crossroad to 
offset t-intersection (2x4-lane two-way stop 
control, rural intersection) 
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Author, 
Year, 
Country 
Exposure variable 
Outcome 
variable / 
Outcome 
type  
Effects Main outcome description 
Conversion of cross 
intersection to offset t-
intersection (2x2-lane 
signalised, urban 
intersection 
Crash count / 
All 
 percent accident 
reduction=20% 
(expected) 
 
Non-significant reduction of crash occurrence 
due to conversion of crossroad to offset t-
intersection (2x2-lane signalised, urban 
intersection)  
Høye 
2014; 
Norway 
Conversion of 4-leg-
junction to staggered 
junction (all junctions) 
Crash count / 
injury 
accidents 
↘ Percent change in 
accident number=-
20% 
Significant reduction of injury crash 
occurrence due to the conversion of 4-leg-
junctions to staggered junctions 
Crash count / 
property 
damage only 
 Percent change in 
accident 
number=3% 
Non-significant increase of damage property 
only crash occurrence due to the conversion 
of 4-leg-junctions to staggered junctions 
Conversion of 4-leg-
junction to staggered 
junction (side road traffic 
amount <15%) 
Crash count / 
injury 
accidents 
↗ Percent change in 
accident 
number=34% 
Significant increase of injury crash occurrence 
due to the conversion of 4-leg-junctions with 
side road traffic amount <15% to staggered 
junctions 
Crash count / 
property 
damage only 
↗ Percent change in 
accident 
number=15% 
Significant increase of damage property only 
crash occurrence due to the conversion of 4-
leg-junctions with side road traffic amount 
<15% to staggered junctions 
Conversion of 4-leg-
junction to staggered 
junction (side road traffic 
amount 15-30%) 
Crash count / 
injury 
accidents 
↘ Percent change in 
accident number=-
25% 
Significant reduction of injury crash 
occurrence due to the conversion of 4-leg-
junctions with side road traffic amount 15-
30% to staggered junctions 
Crash count / 
property 
damage only 
 Percent change in 
accident 
number=0% 
Non-significant effect on damage property 
only crash occurrence due to the conversion 
of 4-leg-junctions with side road traffic 
amount 15-30% to staggered junctions 
Conversion of 4-leg-
junction to staggered 
junction (side road traffic 
amount >30%) 
Crash count / 
injury 
accidents 
↘ Percent change in 
accident number=-
33% 
Significant reduction of injury crash 
occurrence due to the conversion of 4-leg-
junctions with side road traffic amount >30% 
to staggered junctions 
Crash count / 
property 
damage only 
 Percent change in 
accident number=-
10% 
Non-significant reduction of damage 
property only crash occurrence due to the 
conversion of 4-leg-junctions with side road 
traffic amount >30% to staggered junctions 
Newstead 
& Corben, 
2001, 
Australia 
Conversion of 4-leg 
junction to staggered T-
junctions 
Crash count / 
All 
 Percent accident 
reduction=86%, 
p=0,0615 
Significant reduction of crash occurrence due 
to the conversion of 4-leg junctions to 
staggered T-junctions 
Rossow & 
Fischer, 
2006, 
United 
States 
Conversion of 4-leg 
junction to offset T-
intersection (staggered 
junction) 
Crash count / 
All (left-right 
offset T-
intersection) 
 percent accident 
reduction=29,4% 
 
Non-significant reduction of crash occurrence 
due to conversion of 4-leg junction to offset 
(left-right) offset T-intersection 
Crash count / 
All (right-left 
offset T-
intersection) 
 percent accident 
reduction=53,2% 
 
Non-significant reduction of crash occurrence 
due to conversion of 4-leg junction to offset 
(right-left) offset T-intersection 
   *Significant effects on road safety are coded as: positive (↘), negative (↗) or non-significant () 
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3.2 FULL LIST OF STUDIES 
1.3.2 Meta-analyses 
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Road Safety Measures, Norwegian (online) version. 
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Brüde, U. & Larsson, J.  (1981). Vägkorsningar på landsbygd inom huvudvägnätet.  Olycks-analys. 
VTI-rapport 233. Linköping, Statens väg- och trafikinstitut (VTI). 
 
Brüde, U. & Larsson, J.  (1987). Före-efter studier avseende olyckor i landsbygdskorsningar ingående 
i "Korsningsinventering 1983". VTI-meddelande 545. Statens väg- och trafikinstitut (VTI), 
Linköping 
 
Cedersund, H-Å. (1983). Olyckor i tätortskorsningar.  VTI-meddelande 362. Statens väg- och 
trafikinstitut (VTI), Linköping 
 
Hanna, J. T., Flynn, T. E. & Tyler, W. E.  (1976). Characteristics of Intersection Accidents in Rural 
Municipalities.  Transportation Research Record, 601, 79-82 
 
Johannessen, S. & Heir, J. (1974). Trafikksikkerhet i vegkryss.  En analyse av ulykkesforholdene i 187 
vegkryss i perioden 1968-72. Oppdragsrapport 4. Norges Tekniske Høgskole, 
Forskningsgruppen, Institutt for samferdselsteknikk, Trondheim. 
 
Lyager, P. & Løschenkohl, C. (1972). Uheldsmønstre i kanaliserede landevejskryds. Sammenfatning. 
RfT-rapport 14. Rådet for Trafiksikkerhedsforskning  (RfT), København. 
 
Montgomery, R. E. & Carstens, R. L. (1987). Uncontrolled T Intersections: Who Should Yield? Journal 
of Transportation Engineering, 113, 299-314. 
 
Vaa, T. & Johannessen, S. (1978). Ulykkesfrekvenser i kryss. En landsomfattende undersøkelse av 
ulykkesforholdene i 803 kryss i perioden januar 1970 - juni 1976. Oppdragsrapport 22. 
Norges Tekniske Høgskole, Forskningsgruppen, Institutt for samferdselsteknikk, 
Trondheim. 
 
Vodahl, S. B. & Giæver, T. (1986). Risiko i vegkryss. Dokumentasjonsrapport. Rapport STF63 
A86011. SINTEF Samferdselsteknikk, Trondheim. 
 
 
3.2.1 Original studies 
Bared J.G. & Kaisar E.I. (2001). Advantages of Offset T-Intersections with Guidelines. International 
Conference: Traffic Safety on Three Continents.  
 
Newstead S. & Corben B. (2001). Evaluation of the 1992-1996 Transport Accident Commission 
Funded Accident Blackspot Treatment Program in Victoria. Monash University Accident 
Research Center.  
 
Rossow E. & Fischer E.L. (2006). “Offset T-Intersections”. Unknown source.  
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3.2.2 References on further background information 
Elvik, R. / Høye, A. / Vaa, T. / Sørensen, M. (2009). The Handbook of Road Safety Measures. Second 
edition. Emerald Group. Bingley 
Yannis, G. / Papadimitriou, E. / Evgenikos, P. (2011). Effectiveness of Road Safety Measures at 
Junctions. 1st International Conference on Access Management. Athens. 
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1 Summary 
 
Soteropoulos, A. & Stadlbauer, S.; March 2017 
 
1.1 COLOUR CODE 
Grey: The improvement of skewness or junction angle may reduce crash occurrence and might also 
have positive effects on driving performance, but the presented effects were not statistically 
significant and a non-significant increase in crash occurrence for specific crash types (e.g. head-on 
turn crashes) was observed. 
 
1.2 KEYWORDS 
Skewness, junction angle, junction angle realignment, redesign of junction 
 
1.3 ABSTRACT 
From the studies identified, it seems that the improvement of skewness or junction angle i.e. 
junction angle realignment might reduce crash occurrence and have positive effects on driving 
performance. As presented in one study, the improvement of junction angle benefits both older (65-
85 years) and younger drivers (25-45 years). However, since none of the effects were statistically 
significant and also a non-significant increase in crash occurrence for specific crash types (e.g. head-
on turn crashes) was observed, it is difficult to make general statements on the effects of the 
improvement of skewness or junction angle on road safety. Research focused on crashes involving 
motor vehicles. Moreover, it was only carried out in the United States; hence, findings are probably 
influenced by national specifications.  
 
1.4 BACKGROUND 
1.4.1 What is improving skewness or junction angle? 
The improvement of skewness or junction angle refers to the redesigning of junctions. Junctions are 
described as skewed when roads are not crossing at a right angle (90 degrees). Thus, improving 
skewness concerns the geometric layout of the junction, i.e. changes to the angle between roads to 
or near a right angle (Elvik et al. 2009). This is also referred to as junction angle realignment (Yuan et 
al. 2001). 
 
1.4.2 How does improving skewness or junction angle affect road safety? 
A common cause of traffic accidents (at junctions) is that the road users cannot see each other in 
time or do not see each other at all. This is especially the case at junctions with a skewed angle 
between roads, where the skewed angle can reduce the overview and make simple turning 
manoeuvres difficult. Changes to the angle between roads help to improve sight condition at 
intersections and help to make the intersection more visible to road users who are approaching it. It 
can eliminate blind spots caused by the vehicle body and difficulty in scanning the oncoming traffic 
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(Dong et al. 2014). Especially for older drivers, challenges through cognitive and perceptual 
difficulties are reduced due to decreasing steering input requirements and fewer head and eye 
movements (Classen 2009). 
 
1.4.3 Which safety outcomes are affected by improving skewness or junction angle? 
In the international literature, the effect of improving skewness or junction angle on road safety has 
been mostly measured on one basic outcome, namely accident frequency (number of crashes 
occurred). One study focused on examining driving performance and another on driver behaviour.   
 
1.4.4 How is the effect of improving skewness or junction angle studied? 
International literature indicated that the effect of improving skewness or junction angle on road 
safety is examined by several methods. One study used a before-after design for analysing the effect 
of improving skewness or junction angle on crash occurrence. Another study developed crash 
reduction factors using a survey and a literature review. Furthermore, a repeated measures 
experimental design was also used to investigate the effects of improving skewness or junction angle 
on driving performance. 
 
The studies identified focused on junctions on urban roads as well junctions on suburban and rural 
roads. All research has been carried out in the United States, no European studies were found. 
 
1.5 OVERVIEW RESULTS 
1.5.1 Main results 
Regarding studies on the effects of the improvement of skewness or junction angle on road safety, it 
seems that the improvement of skewness or junction angle might reduce crash occurrence and might 
have also positive effects on driving performance both for older and younger drivers. However, since 
none of the effects presented were statistically significant and a non-significant increase in crash 
occurrence for specific crash types (e.g. head-on turn crashes) was also observed, it is difficult to 
make general statements on the effects of the improvement of skewness or junction angle on road 
safety. 
1.5.2 Transferability 
Overall, the topic has not been deeply studied (number of relevant studies is 3). Research focused on 
crashes involving motor vehicles and one study investigated if skewness had different effects for 
specific age groups. Moreover, it was only carried out in the United States. With no European 
studies found, findings are probably influenced by national specifications.  
 
1.6 NOTES ON ANALYSIS METHODS 
In general, the coded studies are of sufficient quality and are methodologically sound. However, 
some of the studies used only small samples for investigation.  
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2 Scientific overview 
 
 
2.1 LITERATURE REVIEW 
2.1.1 Analysis of study designs and methods 
Overall 3 studies on the effect of improving skewness or junction angle were selected and coded. 
The effect of improving skewness or junction angle on road safety is examined by several methods. 
One study (Yuan et al. 2001) used a before-after design for analysing the effect of improving 
skewness or junction angle on accident frequency. Another study (Agent et al. 1996) only developed 
crash reduction factors using a survey and a literature review. Furthermore, one study (Classen et al. 
2009) used a repeated measures experimental design to investigate the effects of improving 
skewness or junction angle on driving performance. 
The studies identified focused on junctions on urban roads as well as on suburban and rural roads. All 
research (three studies) has been undertaken in the United States. 
 
Table 1 illustrates an overview of the main features of coded studies (sample, method etc.).  
Table 1 Description of coded studies 
Author,  
Year, 
Country 
Sample, method/design  
and analysis 
 
Reference group Additional information 
on analysis 
Agent et al., 
1996; United 
States 
Development of accident reduction 
factors using a survey of numerous US 
states and a review of literature 
accident reduction 
factors associated 
with specific safety 
improvements 
- only presentation of accident 
reduction factors 
Classen et al., 
2009; United 
States 
Repeated measures experimental design 
including 8 intersections and 71 healthy 
drivers subjoined to young and old drivers 
Experiment with 
repeated measures 
examining the 
driving performance 
unimproved 
intersections in 
same road network 
Focus on urban (residential) 
and signalised intersections 
Yuan et al., 
2001; United 
States 
Quasi-experimental, empirical Bayes 
before-after-analysis using accident data 
of nine intersections from 1989 to 1998 
before-after analysis 
of crash occurrence 
(different crash 
types) 
control group of 
intersections with 
similar problems 
without 
improvements 
Focus on rural and suburban 
intersections 
 
2.1.2 Study results 
From the studies on the effects of the improvement of skewness or junction angle on road safety, it 
appears that the improvement of the junction angle, e.g. junction angle realignment might reduce 
crash occurrence, since presented results mostly show a reduction in crash occurrence. However, 
none of these effects were statistically significant and a non-significant increase in crash occurrence 
for head-on turn crashes was also observed: Yuan et al. (2001) indicate a reduction of total crash 
occurrence (47%) due to angle realignment at intersections. Similar effects were shown for head-on 
and rear-end crashes, but an increase in crash occurrence can be seen for head-on turn crashes 
(235%). However, no test for statistical significance of the effects was presented. Furthermore, 
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Agent et al. (1996) indicate a reduction in crash occurrence (40%) due to the realignment of the 
intersection and the associated improvement of junction angles; however, no test for statistical 
significance is presented in this study either. 
 
Regarding driving performance, positive effects were also described, however, not statistically 
significant: Classen et al. (2009) – focusing on driving performance and different age groups (young = 
25-45 years; older = 65-85 years) – state that the improvement of junction angle showed a mixed set 
of results indicating that for turn phase, probably the more critical phase from a safety viewpoint, 
there was better control at the improved intersection. The authors summarised that the 
improvement of junction angle benefits both older and younger drivers.  
 
2.1.3 Description of analysis carried out 
Review-type analysis 
Considering the number of studies with the relevant estimates it was decided that neither a meta-
analysis nor a vote-count analysis could be conducted. Therefore, to find an overall estimate of the 
absence of access control a review-type analysis was chosen.  
Even if there were mostly positive effects when skewness or junction angle were improved, none of 
them were presented as significant. Additionally, a negative effect was also presented.  
It can be summarised that improving junction angles has positive, but non-significant effects on 
road safety.   
In short, results mainly show that the measure decreases road safety risk. But since there were only 
non-significant results presented, a grey colour code was assigned.  
 
2.2 CONCLUSION 
Studies on the effect of the improvement of skewness or junction angle on road safety, identified in 
the international literature, focus on accident frequency as well as on driving performance and driver 
behaviour, respectively. 
 
Results on crash occurrence mostly show a reduction in crash occurrence; however none of the 
effects were statistically significant. Moreover, a non-significant increase in crash occurrence for 
specific crash types (e.g. head-on turn crashes) was also observed. 
 
Results regarding driving performance also show a positive effect on road safety, however, not 
statistically significant. 
 
Summarising, it might be that the improvement of skewness or junction angle, e.g. junction angle 
realignment, has positive effects for road safety, however since no statistically significant results at 
all were found, a general conclusion is difficult. This conclusion is further emphasised by the findings 
of the review-type analysis. 
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3 Supporting document 
 
 
3.1 METHODOLOGY 
3.1.1 Literature Search strategy 
The literature search was conducted in November and December 2016. It was carried out in four 
databases with similar search strategies. The following databases were browsed through during the 
literature search: ‘Scopus’, ‘Science Direct’, ‘TRID’ and ‘Taylor and Francis Online’. Detailed search 
terms, as well as their linkage with logical operators and combined queries are shown in the 
following tables. The study scope did not exclude countries or source types like “Journal” or 
“Project”. In some of the searches remaining studies were limited to subject areas (e.g. 
“Engineering”). Out of the overall 516 potentially eligible studies, after screening the abstracts of 
these 516 studies, the full text was only obtained from 9 and only one study was included in the 
synopsis. Other already known or during the literature search occasionally (e.g. via Google) found 
studies, as well as studies found in the literature search for other topics and including effects for 
improving skewness or junction angle were added as additional studies (2). The reference lists of the 
studies were only partly checked. 
 
Table 3 Literature search strategy, database: Scopus 
search no. search terms / operators / combined queries hits 
#1 ( TITLE-ABS-KEY ( "intersection"  OR  "junction" )  AND  TITLE-ABS-KEY ( 
"realign"  OR  "skew" ) )  AND  PUBYEAR  >  1989 
216 
#2 ( TITLE-ABS-KEY ( "intersection"  OR  "junction" )  AND  TITLE-ABS-KEY ( 
"realign"  OR  "realignment" ) )  AND  PUBYEAR  >  1989 
99 
 
Table 4 Literature search strategy, database: ScienceDirect 
search no. search terms / operators / combined queries hits 
#1 pub-date > 1989 and ("intersection" OR "junction" ) and ("realign" OR 
"realignment" OR "skew")[All Sources(Engineering)] 
4,544 
#2 pub-date > 1989 and (intersection AND realignment)[All Sources(Engineering)]. 157 
 
Table 5 Literature search strategy, database: TRID 
search no. search terms / operators / combined queries hits 
#1 intersection AND realignment 14 
 
Table 6 Literature search strategy, database: Taylor & Francis Online 
search no. search terms / operators / combined queries hits 
#1 Search Everything intersection AND realignment) AND Abstract (intersection) 65 
 
Table 7 Results Literature Search 
Database Hits 
Scopus (remaining papers after several limitations/exclusions) 178 
Science Direct 184 
TRID 25 
Taylor & Francis Online 129 
Total number of studies to screen title/ abstract 516 
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The final 3 studies included in the synopsis indicate that the topic has not been investigated to a 
great extent. The prioritising criteria for coding were the following, however all studies codable and 
suitable for the topic were coded. 
 
- Prioritizing Step A (e.g. meta-analysis first) 
- Prioritizing Step B (most recent studies) 
- Prioritizing Step C (Journals over conferences and reports) 
- Prioritizing Step D (Prestigious journals over other journals and conference papers) 
 
No meta-analysis was found. 
 
3.1.2 Exploratory analysis of results 
Table 8 presents information on the main outcomes of coded studies on improving skewness or 
junction angle. 
 
Table 8 Main outcomes of coded studies on improving skewness or junction angle 
Author, 
Year, 
Country 
Exposure variable 
Outcome 
variable / 
Outcome type  
Effects Main outcome -description 
Agent et al., 
1996; United 
States 
Realign Intersection (due to 
construction/reconstruction) 
Crash count / All  percent accident 
reduction=40% 
Non-significant reduction of crash 
occurrence due to the realignment 
of the intersection 
Classen et al., 
2009; United 
States 
Intersection with roadways 
intersecting at 90° 
Driving 
performance 
 - 
 
Improvement of junction angle 
benefits both older and younger 
drivers 
Yuan et al., 
2001; United 
States 
Angle Realignment 
(Realignment of intersection 
angles) 
Crash count / All  percent accident 
reduction=47% 
Non-significant reduction of total 
crash occurrence due to the 
realignment of intersection angles 
Crash count / 
Head-on crashes 
 percent accident 
reduction=96% 
Non-significant reduction of head-
on crash occurrence due to the 
realignment of intersection angles 
Crash count / rear-
end crashes 
 percent accident 
reduction=41% 
Non-significant reduction of rear-
end crash occurrence due to the 
realignment of intersection angles 
Crash count / 
head-on turn 
crashes 
 percent accident 
reduction=-
235% 
Non-significant increase of head-
on turn crash occurrence due to 
the realignment of intersection 
angles 
Crash count / 
other crashes 
 percent accident 
reduction=50% 
Non-significant reduction of other 
crash occurrence due to the 
realignment of intersection angles 
   *Significant effects on road safety are coded as: positive (↘), negative (↗) or non-significant ()  
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3.2 FULL LIST OF STUDIES 
3.2.1 List of studies 
A detailed list of the coded studies is presented below: 
 
Agent K.R., Stamatiadis N., Jones S. (1996). Development of Accident Reduction Factors. Kentucky 
Transportation Center, College of Engineering.  
Classen S., Shechtman O., Stephens B., Davis E., Lanford D., Mann W. (2009). The impact of 
intersection design on the driving performance of adults in the recovery phase of a turn. 
British Journal of Occupational Therapy November 72, pp. 472-481. 
Yuan F., Ivan J.N., Qin X., Garrick N.W., Davis C.F. (2001). Safety Benefits of Intersection Approach 
Realignment on Rural Two-Lane Highways. Transportation Research Record 1758, pp. 21-29. 
 
3.2.2 References on further background information 
Dong, C., Clarke, D.B., Yan, X., Khattak, A., & Huang, B. (2014). Multivariate random-parameters 
zero-inflated negative binomial regression model: An application to estimate crash 
frequencies at intersections. Accident Analysis and Prevention, 70, pp. 320-329. 
Elvik, R. / Høye, A. / Vaa, T. / Sørensen, M. (2009). The Handbook of Road Safety Measures. Second 
edition. Emerald Group. Bingley 
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1 Summary 
 
 
Soteropoulos, A. & Stadlbauer, S.; March 2017 
 
1.1 COLOUR CODE 
Light Green: From the studies on the effects of the installation of rail-road crossing traffic signs on 
road safety, it seems that the installation of stop signs as well as the installation of other types of 
specific warning signs (e.g. hazard warning signs or highly reflective warning signs) at rail-road 
crossings, reduce crash occurrence. However, for some circumstances (e.g. train speed higher than 
30 mph) significant negative estimates were presented.  
 
1.2 KEYWORDS 
Rail-road crossing, level crossing, traffic sign, stop sign, yield sign, crossbucks, active warning systems, 
passive warning systems, driver behaviour 
 
1.3 ABSTRACT 
Results of the studies focusing on the effects of the installation of rail-road crossing traffic signs on 
road safety indicate that the installation of stop signs at rail-road crossings appears to significantly 
reduce crash occurrence by 65% and also has positive effects regarding driver behaviour. However, 
stop signs were negatively effective at crossings with higher train speeds (e.g. train speed higher 
than 30 mph) or track classifications (classes mainly referring to the maximum speed limit). Other 
types of specific warning signs (e.g. hazard warning signs or highly reflective warning signs) seem to 
significantly reduce crash occurrence as well. In addition to one European meta-analysis most 
research was carried out in the United States and is probably linked with national specifications. 
These national specifications are especially relevant for this topic because traffic signs at rail-road 
crossings differ between countries and there are several specific traffic signs used.  
 
1.4 BACKGROUND 
1.4.1 What is the installation of rail-road crossing traffic signs? 
Rail-road crossing traffic signs are passive warning systems for rail-road crossings which provide 
static messages of warning, guidance, and in some instances, mandatory action for the driver. Their 
purpose is to identify and direct attention to the location of a crossing to permit drivers (and 
pedestrians) to take appropriate action (Ogden 2007). Road users are required to look for rail 
vehicles in order to determine whether it is safe to traverse (Wullems et al. 2013). Besides signs 
indicating (only) the rail-road crossing presence, like crossbucks, passive stop signs, give way signs 
or other specific warning signs (e.g. specific hazard warning or highly reflective warning signs) for 
traffic control are also used. This is in contrast to active warning systems like gates or flashing lights 
that signal the presence of a train (Raub 2009). 
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Figure 1: Crossbuck sign and stop sign at rail-road crossing – left (Tey et al. 2011), hazard warning 
sign – middle (Statens vegvesen 2012) and highly reflective warning signs (IdaShield) – right (Abdel-
Rahim et al. 2015) 
 
1.4.2 How does the installation of rail-road crossing traffic signs affect road safety? 
Rail-road crossing traffic signs identify and direct attention to the location of a rail-road crossing and 
advise road users to slow down or stop at the rail-road crossing as necessary, in order to yield to any 
rail traffic occupying or approaching the rail-road crossing (FHWA 2012). Safety measures should be 
applied to all rail-road crossings. The most basic passive warning systems that indicate the presence 
of a rail-road crossing are regulatory signs (e.g. the crossbuck sign) that require vehicles to yield to 
trains and stop if necessary. Because insufficient road user understanding of and compliance with 
that regulatory requirement has been observed when just these signs are present (Ogden...), 
additional measures should be taken. These include give way or yield signs as well as stop signs (or 
other specific warning signs) for traffic control, which enhance the conspicuity of the yield message 
and signal the driver to stop in order to give way at the rail-road crossing. It is believed that the 
installation (and enforcement) of stop signs at rail-road crossings would provide consistent 
information, instruction, and regulation to motorists and improve the crossing safety (Liu 2015). 
 
1.4.3 Which safety outcomes are affected by the installation of rail-road crossing traffic signs? 
In international literature, the effect of the installation of rail-road crossing traffic signs on road 
safety has been measured mainly on one basic outcome, namely accident frequency (number of 
crashes occurring). Moreover, some studies focused on driving behaviour, also providing an 
indication of road safety effects. 
 
1.4.4 How is the effect of installation of rail-road crossing traffic signs studied? 
International literature indicated that the effect of the installation of rail-road crossing traffic signs 
on road safety in the most frequently found studies on accident frequency is mostly examined by 
conducting (quasi-)experimental before-after designs. Moreover, some studies analysed the effect of 
the installation of rail-road traffic signs on driver behaviour using a driving simulator. One study 
developed crash reduction factors using a survey and a literature review. 
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1.5 OVERVIEW RESULTS 
1.5.1 Main results 
Regarding the effects of the installation of rail-road crossing traffic signs on road safety identified in 
the international literature, it seems that the installation of stop signs at rail-road crossings leads to 
a statistically significant crash reduction. As presented in Elvik’s meta-analysis from 2009, crash 
rates were reduced by 65%. Moreover, the installation of stop signs at rail-road crossings appears to 
have positive effects regarding driver behaviour. Other types of specific warning signs (e.g. hazard 
warning signs or highly reflective warning signs) appear to significantly reduce crash occurrence as 
well. Hazard warning signs lead to a crash reduction of 23%, as presented in the meta-analysis. 
 
1.5.2 Transferability 
Overall, since 5 studies and a meta-analysis including several studies were found, the topic has been 
studied to a sufficient extent. Research only focused on crashes with motor vehicles. Most research 
was carried out in the United States with one European Study (meta-analysis) found, and is probably 
linked with national specifications. Especially for this topic these national specifications are relevant 
because traffic signs at rail-road crossings differ between countries and there are several specific 
traffic signs used.  
 
1.6 NOTES ON ANALYSIS METHODS 
In general, the coded studies are of sufficient quality and are methodologically sound. However, 
some of the studies used a small or non-representative sample. Moreover, regression to the mean 
and the consideration of changes in traffic volume seem to be a problem in some studies. 
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2 Scientific overview 
 
 
2.1 LITERATURE REVIEW 
2.1.1 Analysis of study designs and methods 
Overall 5 studies as well as one meta-analysis on the effect of the installation of rail-road crossing 
traffic signs were selected and coded. The majority of the studies focused on accident frequency. 
Studies focusing on accident frequency mostly used (quasi-)experimental before-after designs (Elvik 
2009; Abdel-Rahim et al. 2015; Yan et al. 2010). Another study (Agent et al. 1996) developed crash 
reduction factors using a survey and a literature review.  
Moreover, two studies (Liu et al. 2015; Yang et al. 2015) analysed the effect of the installation of rail-
road traffic signs on driver behaviour using a driving simulator. 
All studies identified, focused on motor-vehicles. Two studies explicitly analysed the effects of the 
installation of rail-road crossing traffic signs at rail-road crossings at rural roads. Most research has 
been undertaken in the United States (4 studies), but also a European study from Norway (meta-
analysis) and a study from China was found. 
Table 1 illustrates an overview of the main features of coded studies (sample, method, etc.). 
 
Table 1 Description of coded studies 
Author,  
Year, 
Country 
Sample, method/design  
and analysis 
 
Reference group 
Additional information 
on analysis 
Abdel-Rahim 
et al., 2015, 
United States 
Experimental, Empirical Bayes Before-
After-Analysis using crash data of 734 
crossing from 1984-2011 
Before-After 
Analysis of Crash 
frequency 
- Focus on passive rail-road 
crossings at rural roads 
Agent et al., 
1996; United 
States 
Development of accident reduction 
factors using a survey of numerous US 
states and a review of literature 
accident reduction 
factors associated 
with specific safety 
improvements 
- only presentation of accident 
reduction factors 
Elvik, 2009, 
Noway 
Meta-analysis including 27 studies using a 
before-after design 
Meta-Analysis - Meta-analysis includes 
studies from Norway, United 
States, Australia, Canada, 
Sweden and Israel 
Liu et al., 
2015, United 
States 
Experimental, simulator study with 64 
participants, mixed-effects regression 
model for analysing results 
Simulator study to 
analyse driver 
behaviour in relation 
to different warning 
devices 
Rail-road crossings 
with crossbuck-only 
Focus on rural roads 
Yan et al., 
2010, United 
States 
Quasi-experimental, cross-sectional 
before-after comparison of annual crash 
rates and logistic regression using crash 
data of 6,240 train-vehicle crashes 
Before-after 
comparison of 
annual crash rates; 
logistic regression 
Rail-road crossings 
with crossbuck-only 
- 
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Author,  
Year, 
Country 
Sample, method/design  
and analysis 
 
Reference group 
Additional information 
on analysis 
between 1980 and 2005 
Yang et al., 
2015, China 
Experimental, simulator study with 
repeated measures design with 15 
participants 
Simulator study to 
analyse driver 
behaviour in relation 
to different warning 
devices 
Rail-road crossings 
with stop sign only 
- 
 
2.1.2 Study results 
From the effects of the installation of rail-road crossing traffic signs on road safety it seems that the 
installation of stop signs at rail-road crossings significantly reduces crash occurrence. Moreover, 
positive effects regarding driver behaviour are described. Other types of specific warning signs (e.g. 
hazard warning signs or specific highly reflective warning signs) also appear to reduce crash 
occurrence. 
 
For the installation of stop signs, studies on accident frequency mostly show a reduction of crash 
occurrence. In his meta-analysis Elvik (2009) indicates that the installation of stop signs at rail-road 
crossings statistically significantly reduces the number of accidents by 65%. Moreover, Yan et al. 
(2010) – conducting a before-after comparison of crash rates – indicate that the installation of stop 
signs at rail-road crossings statistically significantly reduces crash occurrence. Further results – using 
a logistic regression model – indicate that the stop sign treatment was more effective at crossings 
with higher AADT, advanced warning signs, sight distance problems and adverse lighting 
conditions. Also, injury crash occurrence was significantly reduced after stop signs were applied. 
However, stop signs were less effective at crossings with higher train speeds or track classifications. 
For driver behaviour, positive effects for the installation of stop signs at rail-road crossings were also 
described. Liu et al. (2015) – analysing driver behaviour at rail-road crossings in relation to different 
warning devices in a driving simulator – indicate that the installation of stop signs at passive rail-
road crossings is associated with a significantly increased likelihood of drivers looking for an 
oncoming train while approaching such crossings, implying that at stop signs drivers may pass the 
crossings with greater vigilance. Furthermore, due to the installation of stop signs drivers are 
significantly more inclined to reduce speeds and/or stop at rail-road crossings, compared with 
crossings equipped with crossbucks only. Therefore, there would be fewer violations at crossings 
with stop signs when a train is coming, and the significantly reduced approaching speeds due to the 
installation of stop signs would lead to less severe crashes, even if collisions occur between highway 
vehicles and trains owing to other reasons. 
 
For the installation of yield signs, results of Liu et al. (2015) – focusing on driver behaviour – indicate 
that the installation of yield signs at rail-road crossings was neither associated with a significant 
increase in looking and stopping behaviour nor had a significant impact on speed reduction. 
 
For the installation of other specific types of warning signs a reduction of crash occurrence and 
positive effects on driver behaviour were also observed. In his meta-analysis, Elvik (2009) indicates 
that the installation of hazard warning signs at rail-road crossings statistically significantly reduces 
the number of accidents by 23%. In addition, Abdel-Rahim et al. (2015) – focusing on assessing the 
effectiveness of the installation of IdaShield signs (highly reflective warning signs) on crash-
frequency at rail-road crossings – indicate that the installation of IdaShield signs leads to a 
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statistically significant decrease in crash frequency. This was the case during daytime and to a larger 
extent at night/in darkness. However, the difference between the percentage change at daylight 
and percentage change in darkness/at night was not statistically significant different from zero, 
implying that although the IdaShield is more effective at night than during the daytime, a 
statistically significant difference was not detected. Moreover, results of Yang et al. (2015) – 
analysing driver behaviour at rail-road crossings in relation to different warning devices in a driving 
simulator – indicate that the percentage of stopping decisions was higher at rail-road crossings with 
variable message signs (and level crossing signals) compared to rail-road crossings equipped with 
stop signs only. Furthermore, the mean deceleration rate before drivers enter the rail-road crossing 
was lower at rail-road crossings with variable message signs (and level crossing signals) compared to 
stop signs only. Moreover, results regarding the first braking point indicate that the distance from 
the first braking point to the rail-road crossing was higher at rail-road crossings with variable 
message signs (and level crossing signals) compared to stop signs only. However, no test for 
statistical significance is presented. 
 
For the installation of rail-road crossing traffic signs in general, results of Agent et al. (1996) indicate 
a reduction in crash occurrence, however no test for statistical significance is presented. 
 
Table 1 gives an overview of the results of the vote-count analysis. Results show, that the installation 
of stop signs at rail-road crossings significantly reduces crash occurrence. Moreover, other specific 
types of warning signs (e.g. hazard warning signs or highly reflective warning signs) also appear to 
reduce crash occurrence. 
 
2.1.3 Description of analysis carried out 
Review-type analysis 
Considering the number of studies with the relevant estimates it was decided that neither a meta-
analysis nor a vote-count analysis can be conducted. Hence, to find an overall estimate of the 
absence of access control a review-type analysis was chosen.  
The results above present a positive effect of the installation of rail-road crossing traffic signs. It can 
be summarised that installing stop signs or other warning signs leads to mainly significant positive 
effects. At the same time and under certain conditions the installation of traffic signs showed 
significant negative effects, although only a small proportion.   
Hence, on the basis of both study and effect numbers, it can be argued that the installation of rail-
road crossing traffic signs has a positive effect on road safety. There were clearly more significant 
positive than negative effects listed.  As mentioned before, the chosen studies are of sufficient 
quality and mainly consistent in their results. In short, results show that the installation of rail-road 
crossing traffic signs decreases road safety risk. Hence, a light green colour code was assigned.  
 
2.2 CONCLUSION 
Studies on the effect of the installation of rail-road crossing traffic signs on road safety, identified in 
the international literature, mainly focus on accident frequency. Moreover, some studies focused on 
analysing driver behaviour. 
The studies identified indicate that the installation of stop signs at rail road crossings is associated 
with a statistically significant reduction in crash occurrence. Moreover, positive effects regarding 
driver behaviour are described for the installation of stop signs at rail road crossings. 
 
SafetyCube | Synopsis on installation of rail-road crossing traffic sign | WP5  8 
Furthermore, the installation of other types of specific warning signs (e.g. hazard warning signs or 
highly reflective warning signs) at rail-road crossings also seems to reduce crash occurrence. 
 
Summarising, the installation of stop signs at rail-road crossings seems to reduce crash occurrence 
and also appears to have positive effects on driver behaviour. Furthermore, other types of specific 
warning signs also appear to reduce crash occurrence. This result can be emphasised by the findings 
of the review-type analysis above.  
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3 Supporting document 
 
 
3.1 METHODOLOGY 
3.1.1 Literature Search strategy 
The literature search was conducted in November and December 2016. It was carried out in four 
databases with similar search strategies. The following databases were browsed through during the 
literature search: ‘Scopus’, ‘Science Direct’, ‘TRID’ and ‘Taylor and Francis Online’. Detailed search 
terms, as well as their linkage with logical operators and combined queries are shown in the 
following tables. The study scope did not exclude countries or source types like “Journal” or 
“Project”. In some of the searches, remaining studies were limited to subject areas (e.g. 
“Engineering”). Out of the overall 332 potentially eligible studies, after screening the abstracts of 
these 332 studies, the full text was obtained from only 12, and only 2 were coded and included in the 
synopsis. Other already known or during the literature search occasionally (e.g. via Google) found 
studies, as well as studies found in the literature search for other topics and including effects for 
installation of rail-road crossing traffic sign were added as additional studies (4). The reference lists 
of the studies were only partly checked. 
 
Table 3 Literature search strategy, database: Scopus 
search no. search terms / operators / combined queries hits 
#1 TITLE-ABS-KEY ( "rail" OR "rail-road") AND TITLE-ABS-KEY ( "sign" OR "traffic-
sign" ) AND PUBYEAR > 1989 
248 
#2 TITLE-ABS-KEY ( "rail"  OR  "rail-road" )  AND  TITLE-ABS-KEY ( "sign"  OR  
"traffic-sign"  AND  "installation"  OR  "effect"  OR  "evaluation" )  AND  
PUBYEAR  >  1989 
72 
 
 
Table 4 Literature search strategy, database: ScienceDirect 
search no. search terms / operators / combined queries hits 
#1 pub-date > 1989 and ("rail" OR "rail-road" ) and ("sign" OR "traffic-sign") 19,587 
#2 pub-date > 1989 and ("rail" OR "rail-road" ) and TITLE-ABSTR-KEY("sign" OR 
"traffic-sign" AND "installation" OR "effect" OR "evaluation") 
169 
 
 
Table 5 Literature search strategy, database: TRID 
search no. search terms / operators / combined queries hits 
#1 Keywords ("rail" OR "rail-road" AND "sign" OR "traffic-sign" AND "installation" 
OR "effect") in: Railroads, Safety and Human Factors, Transportation (General) 
15,000 
#2 Keywords ("rail" OR "rail-road" AND "sign" OR "traffic-sign" AND "installation" 
OR "effect") AND Title "rail-road" AND "sign") in: Railroads, Safety and Human 
Factors, Transportation (General) 
7 
 
 
Table 6 Literature search strategy, database: Taylor & Francis Online 
search no. search terms / operators / combined queries hits 
#1 Search Everything (rail OR "rail-road" AND sign OR "traffic-sign”) 4,611 
#2 Search Everything (rail OR "rail-road" AND sign OR "traffic-sign”) AND Article 
Title ("rail" OR "rail-road") 
84 
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Table 7 Results Literature Search 
Database Hits 
Scopus (remaining papers after several limitations/exclusions) 72 
Science Direct 169 
TRID 7 
Taylor & Francis Online 84 
Total number of studies to screen title/ abstract 332 
 
The final 6 studies included in the synopsis indicate that the topic has been investigated to a 
sufficient extent. The prioritising criteria for coding were the following, however all studies codable 
and suitable for the topic were coded. 
 
- Prioritising Step A (e.g. meta-analysis first) 
- Prioritising Step B (most recent studies) 
- Prioritising Step C (Journals over conferences and reports) 
- Prioritising Step D (Prestigious journals over other journals and conference papers) 
 
One meta-analysis was found. 
 
3.1.2 Exploratory analysis of results 
Table 8 presents information on the main outcomes of coded studies on the installation of rail-road 
crossing traffic signs. 
 
Table 8 Main outcomes of coded studies on the installation of rail-road crossing traffic signs 
Author, 
Year, 
Country 
Exposure 
variable 
Outcome variable / 
Outcome type  
Effects Main outcome -description 
Abdel-
Rahim et 
al., 2015, 
USA 
Installation of 
IdaShield 
(highly 
reflective 
warning sign) 
Crash count / All (All Light 
conditions) 
↘ Percent change= 
-38.6%, p<0.05 
Significant reduction of crash frequency 
due to the installation of IdaShield (highly 
reflective warning sign) at (passive) rail-
road crossings 
Crash count / All (Daylight) ↘ Percent change= 
-39.5%, p=0.001 
Significant reduction of crash frequency 
in daylight due to the installation of 
IdaShield (highly reflective warning sign) 
at (passive) rail-road crossings 
Crash count / All 
(Darkness/Night) 
↘ Percent change= 
-72.2%, p<0.001 
Significant reduction of crash frequency 
at night/in darkness due to the 
installation of IdaShield (highly reflective 
warning sign at (passive rail-road 
crossings 
Crash count / All 
(Difference between 
percentage change at 
daylight and percentage 
change indarkness/at 
night) 
 Absolute 
difference=32.7%, 
p=0.083 
Non-significant higher effectiveness of 
IdaShield in reducing crash frequency at 
night/in darkness than during daytime 
SafetyCube | Synopsis on installation of rail-road crossing traffic sign | WP5  11 
Author, 
Year, 
Country 
Exposure 
variable 
Outcome variable / 
Outcome type  
Effects Main outcome -description 
Agent et al., 
1996; 
United 
States 
 
Installation of 
rail-road 
crossing 
traffic sign 
 
Crash count / All  percent accident 
reduction=30% 
Non-significant reduction of crash 
occurrence due to the installation of rail-
road crossing traffic signs 
Elvik, 2009, 
Norway 
Warning of 
level crossing 
by means of 
hazard 
warning sign 
Crash count / All ↘ Percent change=-
23% 
Non-significant reduction of crash 
occurrence due to warning of level 
crossing by means of hazard warning 
sign. 
Installation of 
stop sign at 
level crossing 
Crash count / All ↘ Percent change=-
65% 
Non-significant reduction of crash 
occurrence due to the installation of stop 
signs at level crossings 
Liu et al., 
2015, USA 
Liu et al., 
2015, USA 
Installation of 
Stop sign 
 
Deceleration rate – 
compared to stop sign 
only 
 Relative difference=-
37.4% 
Non-significant lower deceleration rate at 
rail-road crossings with level crossing 
signs/signals, visual message signs/signals 
and audio warning information compared 
to stop signs only 
Looking behaviour – 
compared to crossbuck-
only 
↘ Percent 
change=13.6%, 
p=0.005 
Significant increased probability of 
looking behaviour at rail-road crossings 
due to the installation of stop signs 
compared to crossbucks-only 
Stopping behaviour – 
compared to crossbuck-
only 
↘ Percent 
change=68.2%, 
p=0.007 
Significant increased probability of full 
stopping at rail-road crossings due to the 
installation of stop signs compared to 
crossbucks-only 
First step speed reduction 
– compared to crossbuck-
only 
 Absolute 
difference=-0.097 
mph, p=0.9340 
Non-significant first step speed increase 
due to the installation of stop signs 
compared to crossbucks-only 
Second step speed 
reduction – compared to 
crossbuck-only 
↘ Absolute 
difference=12.388 
mph, p=0.000 
Significant second step speed reduction 
due to the installation of stop signs 
compared to crossbucks-only 
Total speed reduction – 
compared to crossbuck-
only 
↘ Absolute 
difference=12.246 
mph, p=0.000 
Significant total speed reduction due to 
the installation of stop signs compared to 
crossbucks-only 
Installation of 
Yield sign 
Looking behaviour – 
compared to crossbuck-
only 
 Percent 
change=7.1%, 
p=0.290 
Non-significant increased probability of 
looking behaviour at rail-road crossings 
due to the installation of yield signs 
compared to crossbucks-only 
Stopping behaviour – 
compared to crossbuck-
only 
 Percent 
change=3.4%, 
p=0.599 
Non-significant increased probability of 
full stopping at rail-road crossings due to 
the installation of yield signs compared to 
crossbucks-only 
First step speed reduction 
– compared to crossbuck-
only 
 Absolute 
difference=-0.775 
mph, p=0.5520 
Non-significant first step speed increase 
due to the installation of yield signs 
compared to crossbucks-only 
Second step speed 
reduction – compared to 
crossbuck-only 
 Absolute 
difference=3.42 mph, 
p=0.160 
Non-significant second step speed 
reduction due to the installation of yield 
signs compared to crossbucks-only 
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Author, 
Year, 
Country 
Exposure 
variable 
Outcome variable / 
Outcome type  
Effects Main outcome -description 
Second step speed 
reduction – compared to 
crossbuck-only 
 Absolute 
difference=2.798 
mph, p=0.309 
Significant total speed reduction due to 
the installation of yield signs compared to 
crossbucks-only 
Yan et al., 
2010, 
United 
States 
Installation of 
stop sign (at 
rail-road 
crossing) 
Crash rate (per 1000 
crossings per year) / All 
↘ Relative difference = 
-3195%; p=0.01 
Significant reduction of crash occurrence 
(crashes per 1000 crossings per year) due 
to the installation of stop signs at rail-
road crossing with crossbucks-only. 
Crash count / All (AADT = 
500-1000 compared to 
AADT <500) 
 Odds ratio=0.0859; 
p=0.0667 
Non-significant reduction of crash 
occurrence due to the installation of stop-
signs at rail-road crossings with AADT = 
500-1000 compared to rail-road crossings 
with AADT < 500. 
Crash count / All 
(AADT = > 1000 compared 
to AADT <500 
↘ Odds ratio=0.0815; 
p=0.0119 
Significant reduction of crash occurrence 
due to the installation of stop-signs at 
rail-road crossings with AADT >1000 
compared to rail-road crossings with 
AADT < 500. 
Crash count / All (vehicle 
type truck/bus compared 
to car) 
↘ Odds ratio=0.0830; 
p=0.0002 
Significant reduction of crash occurrence 
of truck/bus crashes due to the 
installation of stop-signs at rail-road 
crossings compared to car crashes. 
Crash count / All (vehicle 
type other compared to 
car) 
 Odds ratio=0.9910; 
p=0.9438 
Non-significant reduction of crash 
occurrence of other crashes due to the 
installation of stop-signs at rail-road 
crossings compared to car crashes. 
Crash count / All (light 
condition night condition 
compared to daylight 
condition) 
↘ Odds ratio=0.7120; 
p<0.0001 
Significant reduction of crash occurrence 
due to the installation of stop-signs at 
rail-road crossings under night condition 
compared to daylight condition. 
Crash count / All (light 
condition dawn/dusk 
condition compared to 
daylight condition) 
 Odds ratio=0.8200; 
p=0.0725 
Non-significant reduction of crash 
occurrence due to the installation of stop-
signs at rail-road crossings under 
dawn/dusk condition compared to 
daylight condition. 
Crash count / All 
(Advanced warning sign 
yes compared to no) 
↘ Odds ratio=0.8430; 
p=0.0034 
Significant reduction of crash occurrence 
due to the installation of stop-signs at 
rail-road crossings with posted advanced 
warning sign compared to no posted 
advanced warning sign. 
Crash count / All (motorist 
action motorist-stopped-
on-crossing (SOC) 
compared to motorist 
stopped and then 
proceeded (STP)) 
↘ Odds ratio=0.6070; 
p<0.0001 
Significant reduction of crash occurrence 
of SOC-crashes due to the installation of 
stop-signs at rail-road crossings 
compared to STP-crashes. 
Crash count / All (motorist 
action motorist did not 
stop (DNS) compared to 
motorist stopped and then 
proceeded (STP)) 
↘ Odds ratio=0.5610; 
p<0.0001 
Significant reduction of crash occurrence 
of DNS-crashes due to the installation of 
stop-signs at rail-road crossings 
compared to STP-crashes. 
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Author, 
Year, 
Country 
Exposure 
variable 
Outcome variable / 
Outcome type  
Effects Main outcome -description 
Crash count / All 
(obstructed compared to 
unobstructed sight 
distance) 
↘ Odds ratio=0.5350; 
p<0.0001 
Significant reduction of crash occurrence 
due to the installation of stop-signs at 
rail-road crossings with obstructed sight 
distance compared to unobstructed sight 
distance. 
Crash count / All (injury 
crashes compared to non-
injury crashes) 
↘ Odds ratio=0.8760; 
p=0.0245 
Significant reduction of crash occurrence 
of injury crashes due to the installation of 
stop-signs at rail-road crossings 
compared to non-injury crashes. 
Crash count / All (track 
classification higher 
compared to lower) 
↗ Odds ratio=1.2320; 
p=0.0007 
Significant increase of crash occurrence 
due to the installation of stop-signs at 
rail-road crossings with a high track 
classification compared to low track 
classification. 
Crash count / All (train 
speed >30mph compared 
to <=30mph) 
↗ Odds ratio=1.4160; 
p<0.0001 
Significant increase of crash occurrence 
due to the installation of stop-signs at 
rail-road crossings with train speed 
>30mph compared <= 30mph. 
Yang et al., 
2015, China 
 
Installation of 
Level 
Crossing 
Sign/Signal 
 
Go or Stop Decision 
(stopping percentage) – 
compared to stop sign 
only 
 Absolute 
difference=6.66% 
Non-significant higher stopping 
percentage at rail-road crossings with 
level crossing signs/signals compared to 
stop signs only 
First braking point 
(distance to rail-road 
crossing) – compared to 
stop sign only 
 Relative difference=-
4.26% 
Non-significant shorter distance of final 
braking position at rail-road crossings 
with level crossing signs/signals 
compared to stop signs only 
Installation of 
Level 
Crossing 
Sign/Signal 
and Visual 
Message 
Sign/Signal 
 
Deceleration rate – 
compared to stop sign 
only 
 Relative difference=-
14.3% 
Non-significant lower deceleration rate at 
rail-road crossings with level crossing 
signs/signals compared to stop signs only 
Go or Stop Decision 
(stopping percentage) – 
compared to stop sign 
only 
 Absolute 
difference=26.66% 
Non-significant higher stopping 
percentage at rail-road crossings with 
level crossing signs/signals and visual 
message signs/signals compared to stop 
signs only 
First braking point 
(distance to rail-road 
crossing) – compared to 
stop sign only 
 Relative 
difference=27.95% 
Non-significant larger distance of final 
braking position at rail-road crossings 
with level crossing signs/signals and visual 
message signs/signals compared to stop 
signs only 
Installation of 
Level 
Crossing 
Sign/Signal, 
Visual 
Message 
Sign/Signal 
and Audio 
warning 
information 
Deceleration rate – 
compared to stop sign 
only 
 Relative difference=-
34.7% 
Non-significant lower deceleration rate at 
rail-road crossings with level crossing 
signs/signals and visual message 
signs/signals compared to stop signs only 
Go or Stop Decision 
(stopping percentage) – 
compared to stop sign 
only 
 Absolute 
difference=33.33% 
Non-significant higher stopping 
percentage at rail-road crossings with 
level crossing signs/signals, visual 
message signs/signals and audio warning 
information compared to stop signs only 
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Author, 
Year, 
Country 
Exposure 
variable 
Outcome variable / 
Outcome type  
Effects Main outcome -description 
 First braking point 
(distance to rail-road 
crossing) – compared to 
stop sign only 
 Relative 
difference=30.05% 
Non-significant larger distance of final 
braking position at rail-road crossings 
with level crossing signs/signals, visual 
message signs/signals and audio warning 
information compared to stop signs only 
   *Significant effects on road safety are coded as: positive (↘), negative (↗) or non-significant () 
  
SafetyCube | Synopsis on installation of rail-road crossing traffic sign | WP5  15 
3.2 FULL LIST OF STUDIES 
3.2.1 Meta-analyses 
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Measures, Norwegian (online) version. 
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1 Summary 
 
 
Soteropoulos, A. & Stadlbauer, S.; March 2017 
 
1.1 COLOUR CODE 
Green: The installation of automatic barriers at rail-road crossings seems to reduce crash occurrence 
and appears to have positive effects on driver behaviour, potentially reducing violations. 
 
1.2 KEYWORDS 
Rail-road crossings, level crossings, automatic barriers, gates, boom barriers, active warning systems, 
driver behaviour 
 
1.3 ABSTRACT 
Regarding the effect of the installation of automatic barriers at rail-road crossings on road safety, it 
appears that the installation of automatic barriers at rail-road crossings is associated with a 
reduction of crash occurrence, especially at rail-road crossings that previously only had warning 
signs. Moreover, it seems that the installation of automatic barriers also has positive effects on 
driver behaviour at rail-road crossings and might reduce violations. The effects of the installation of 
barriers seem to be consistent when it comes to different road networks etc., in addition studies 
were drawn from Asia, Europe, America as well as Australia enabling good transferability of results. 
 
1.4 BACKGROUND 
1.4.1 What is installation of automatic barriers? 
Automatic barriers, or gates, serve as barriers across the highway when a train is approaching or 
occupying the crossing (Ogden 2007). They physically prevent vehicles from crossing railway tracks 
(Rudin-Brown et al. 2012). The gate is reflectorised with red and white stripes and often combined 
with a standard flashing light signal that provides an additional warning before the arm starts to 
descend, while the gate arm is across the highway, and until the gate arm ascends to clearance 
(Ogden 2007). Automatic barriers or gates (together with flashing lights only) are active warning 
systems for rail-road crossings that signal the presence of a train. This is in contrast to passive 
warning systems for rail-road crossings like crossbucks only or crossbucks augmented with stop or 
yield (give way) signs (Raub 2009). The installation of automatic barriers is common in two ways: 
automatic barriers at rail-road crossings that previously only had warning signs and automatic 
barriers at rail-road crossings that previously had flashing lights (Elvik et al. 2009). 
 SafetyCube | Synopsis on automatic barriers installation | WP5  3 
 
Figure 1. Automatic Barrier at rail-road crossing (Tey et al. 2011) 
 
1.4.2 How does the installation of automatic barriers affect road safety? 
Automatic barriers or gates provide physical barriers to prevent a vehicle from crossing, when a train 
is approaching (Wullems et al. 2013). They are effective at physically preventing vehicles from 
crossing railway tracks and consequently moderating crash risk (Rudin-Brown et al. 2012). Thus, 
they are seen as an effective method of improving safety and operation of rail-road crossings 
(Ogden 2007). Typically, automatic barriers are installed at level crossings that have an inherently 
higher safety risk, such as level crossings with reduced sighting time of an approaching train 
(Wullems et al. 2013). 
However, at rail-road crossings equipped with active warning devices like automatic barriers or 
gates, road users tend to rely on the warning signals rather than or instead of looking for 
approaching rail vehicles (Wullems et al. 2013). Moreover, the barriers themselves may compel 
drivers to make a hurried decision: because drivers expect barriers to be lowered for some time 
before a train arrives, drivers may assume that they have sufficient time to cross if they do not slow 
on approach (Rudin-Brown et al. 2012). 
 
1.4.3 Which safety outcomes are affected by the installation of automatic barriers? 
In the international literature, the effect of the installation of automatic barriers at rail-road 
crossings on road safety has been measured mainly on one basic outcome, namely accident 
frequency (number of crashes occurred). Moreover, some studies focused on the frequency of 
violations or on the behaviour of drivers, respectively, providing an indication of road safety effects. 
 
1.4.4 How is the effect of installation of automatic barriers studied? 
International literature indicated that the effect of the installation of automatic barriers at rail-road 
crossings on road safety is mainly – in the most commonly found studies on accident frequency as 
well as in the studies on violation frequency – examined by conducting (quasi-)experimental before-
after designs. Other studies on accident frequency also developed crash reduction factors using a 
survey or a literature review. Some studies analysed driver behaviour and used a driving simulator or 
an observational analysis of field video recordings. 
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1.5 OVERVIEW RESULTS 
1.1.1 Main results 
Installation of 
barriers at level 
crossings that 
previously had 
flashing lights 
and sound 
signals 
Crash count / All ↘ Percent change=-45% Non-significant reduction of crash 
occurrence due to the installation of 
barriers at level crossings that 
previously had flashing lights and 
sound signals 
Installation of 
barriers at level 
crossings that 
previously only 
had warning 
signs 
Crash count / All ↘ Percent change=-68% Non-significant reduction of crash 
occurrence due to the installation of 
barriers at level crossings that 
previously only had warning signs 
 
Considering the studies on the effect of installation of automatic barriers at rail-road crossings on 
road safety in international literature, it seems that the installation of automatic barriers at rail road 
crossings is associated with a reduction in crash occurrence, especially at rail-road crossings that 
previously had warning signs. In Elvik’s meta-analysis from 2009 a 68% reduction was presented for 
this kind of crossing. Further, on crossings equipped with flashing lights and sound signals a 45% 
crash reduction was presented.  
Moreover, studies focusing on violation frequency mostly show a reduction of violation frequency 
due to the installation of automatic barriers at rail-road crossings. Positive effects regarding road 
safety for the installation of automatic barriers were also shown in studies focusing on driver 
behaviour. No modifying conditions occurred.  
1.1.2 Transferability 
Overall, since 7 studies and a meta-analysis including several studies were found, the topic has been 
studied to a sufficient extent. Research mainly focused on crashes with motor vehicles – only one 
study focused on pedestrians and bicycles. Moreover, research was mostly carried out in Australia 
and the United States, but European studies from Norway (meta-analysis) and from the Netherlands 
were also found. 
1.6 NOTES ON ANALYSIS METHODS 
In general, the coded studies are of sufficient quality and are methodologically sound. However, 
some of the studies used only small samples for investigation. Moreover, regression to the mean 
and the consideration of long term trends seem to be a problem in some studies. 
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2 Scientific overview 
 
 
2.1 LITERATURE REVIEW 
2.1.1 Analysis of study designs and methods 
Overall seven studies as well as one meta-analysis on the effect of the installation of automatic 
barriers at rail-road crossings were selected and coded. Studies mostly focused on accident 
frequency and deployed (quasi-)experimental before-after designs for examining the effect of the 
installation of automatic barriers on accident frequency (Elvik 2009; Kim & Kang 2002; Newstead & 
Corben 2001). Another study developed crash reduction factors using a survey and a literature 
review (Agent et al. 1996). 
In addition, two studies also deployed before-after designs, although  they focused on violation 
frequency (Hellman et al. 2007) and the frequency of red light runners (Van der Horst & Bakker 
2002), respectively. 
 
Moreover, two studies focused on analysing driver behaviour and used a driving simulator (Rudin-
Brown et al. 2012) and an observational analysis of field video recordings (Tey et al., 2011). 
 
The studies identified mostly focused on motor-vehicles, only one study analysed the effects of the 
installation of automatic barriers on pedestrians and cyclists. Most research has been undertaken in 
Australia (3 studies) and the United States (2 studies). But Norway (meta-analysis), the Netherlands 
(1 study) and South Korea (1 study) were also considered. 
Table 1 illustrates an overview of the main features of coded studies (sample, method, etc.). 
 
Table 1 Description of coded studies 
Author,  
Year, Country 
Sample, method/design  
and analysis 
 
Reference 
group 
Additional 
information on 
analysis 
Agent et al., 1996; 
United States 
Development of accident reduction 
factors using a survey of numerous US 
states and a review of literature 
accident reduction factors 
associated with specific 
safety improvements 
- only presentation of 
accident reduction 
factors 
Elvik, 2009, 
Norway 
Meta-analysis including 27 studies using a 
before-after design 
Meta-Analysis - Meta-analysis includes 
studies from Norway, 
United States, Australia, 
Canada, Sweden and 
Israel 
Hellman et al., 
2007, United 
States 
Quasi-experimental, before-after analysis 
of a specific rail-road crossing with an 
upgrade of two-quadrant gates to four-
quadrant gates 
Before-after analysis of 
violation count 
- Focus on one specific 
urban rail-road crossing 
in Groton, CT (USA) 
Kim & Kang, 2002, 
South Korea 
Quasi-experimental, before-after analysis 
using accident data of 40 rail-road 
crossings 
Quasi-experimental, 
before-after analysis of 
crash occurrence 
- - 
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Author,  
Year, Country 
Sample, method/design  
and analysis 
 
Reference 
group 
Additional 
information on 
analysis 
Newstead & 
Corben, 2001, 
Australia 
Quasi-experimental, before-after analysis 
of 559 different sites 
before-after analysis of 
crash occurrence 
untreated 
inter-
sections 
hazardous sites 
throughout Victoria 
Rudin-Brown et al., 
2012, Australia 
Experimental study investigating effects 
of active level crossing traffic control 
devices (flashing lights with boom barriers 
and standard traffic lights) 
Experimental driving 
simulator study with 25 
drivers 
Crossings 
with stop 
control 
Focus on rural roads 
Tey et al., 2011, 
Australia 
Observational, analysis of field video 
recordings of 204 vehicles and simulator 
study with 24 drivers 
Analysis of driver 
behaviour (driver 
responses) in relation to 
different warning devices 
Rail-road 
crossing 
with stop 
signs-only 
60-70 km/h speed limit 
Van der Horst & 
Bakker, 2002, 
Netherlands 
Quasi-experimental design investigating 
severity of running red signal under the 
exposure to different barriers extensions 
(affecting pedestrians and cyclists) at 16 
sites 
Quasi-experimental, 
before-after analysis of 
number of red light runners 
- Focus on pedestrians and 
cyclists on different road 
networks 
 
2.1.2 Study results 
From the studies identified in the international literature it appears that the installation of automatic 
barriers at rail-road crossings is associated with a reduction in crash occurrence. Studies focusing on 
violation frequency mostly show a reduction of violation frequency due to the installation of 
automatic barriers at rail-road crossings. Positive effects regarding road safety for the installation of 
automatic barriers were also shown in studies focusing on driver behaviour. 
 
Studies on accident frequency mainly show a reduction of crash occurrence due to the installation of 
automatic barriers at rail-road crossings. 
In his meta-analysis Elvik (2009) indicates that the installation of automatic barriers at rail-road 
crossings that previously only had warning signs statistically significantly reduces the number of 
accidents by 68%. Moreover, Kim & Kang (2002) – focusing on the safety effects of a railway gate 
control system (gates with different down speeds of the barriers) – indicate that the installation of 
railway gate control systems decreases crash occurrence. However, no test for statistical 
significance is presented. 
For the installation of automatic barriers at rail-road crossings that previously had flashing lights and 
sound signals Elvik (2009) indicates in his meta-analysis a statistically significant reduction of the 
number of accidents by 45%. 
In addition, Agent et al. (1996) indicate a reduction in crash occurrence due to the installation of 
automatic gates only as well as due to the installation of both automatic gates and flashing lights, 
but no test for statistical significance is presented. 
Results of Newstead & Corben (2001) indicate an increase in crash occurrence due to the installation 
of automatic barriers, however, the effect was not statistically significant and only few crashes 
occurred.  
 
Studies about the violation frequency focused more on the improvement of automatic barriers at 
rail road crossings and mostly show a reduction of violation frequency. Hellman et al. (2007) focused 
on the effects of upgrading a dual-gate system (2 barriers) to a four-quadrant gate system (4 
barriers) on the violation frequency of two different types of violations: motor vehicles traversing 
the rail-road crossing after the warning lights began flashing but before the gates were fully 
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deployed (type 1) and motor vehicles traversing the rail-road crossing after the gates were fully 
deployed. For dual-gate systems, the vehicles drove around the gates (type 1), for four-quadrant 
gate systems, the vehicles compromised the gates (type 2). Results indicate a statistically significant 
reduction in the riskier type 2 violations by motorists as well a statistically significant decrease in the 
frequency of type 1 violations due to the upgrading to a four-quadrant gate.  
Van der Horst & Bakker (2002) investigated the effects of the extension of automatic (street) 
barriers at right-oriented pedestrian and/or bicycle paths at rail-road crossings on the violation 
frequency of pedestrians and cyclists (number of red light runners). For the extension of automatic 
barriers at pedestrian paths, results indicate a reduction in the number of red light runners crossing 
on the right side (on the side where the barrier was installed to prevent people approaching the rail-
road crossing from the appropriate side). However, pedestrians also decided to cross the rail-road 
crossing during red lights at the open side on the other side of the road (on the side where a barrier 
was actually only installed for people crossing the rail-road approaching from the opposite side). For 
the extension of automatic barriers at bicycle paths, results indicate a reduction in the number of 
bicyclists crossing during red lights on the right side as well as at the open side. But nearly no 
influence was seen on the number of pedestrians crossing during red lights. However, in this study 
no test for statistical significance was presented. 
 
Studies focusing on driver behaviour show positive effects for the installation of automatic barriers 
at rail-road crossings. Results of Tey et al. (2011) – using field video recording and a driving simulator 
to evaluate different warning devices in relation to driver behaviour – indicate that stopping 
compliance was statistically significantly greater at rail-road crossings with automatic barriers 
compared to rail-road crossings with stop signs only. Furthermore, the mean distance of the final 
braking position (distance to the rail-road crossing) was also higher at the rail-road crossing with 
automatic barriers compared to rail-road crossings with stop signs only. However, no test for 
statistical significance is presented for the latter. Moreover, Rudin-Brown et al. (2012) indicate that 
automatic barriers (with flashing lights) had a statistically significant lower proportion of violations 
compared to stop signs. 
 
Table 1 gives an overview of the results of the vote-count analysis. Results show that the installation 
of automatic barriers at rail-road crossings that previously only had warning signs, as well as the 
installation of automatic barriers at rail-road crossings that previously had flashing lights, seem to 
statistically significantly reduce crash occurrence. 
 
2.1.3 Description of analysis carried out 
Review-type analysis 
Considering the number of studies with the relevant estimates it was decided that neither a meta-
analysis nor a vote-count analysis could be conducted. Hence, to find an overall estimate of the 
installation of automatic barriers a review-type analysis was chosen.  
The positive effect of the installation of automatic barriers was in general neither limited to different 
road user groups nor to different road networks.  
It can be summarised that the measure leads to only significant positive or non-significant effects on 
road safety. This applies to both crash frequency as well as driving behaviour.  
Hence, on basis of both study and effect numbers, it can be argued that the installation of automatic 
barriers has a positive effect on road safety. There were only significant positive or non-significant 
(mainly conclusive) effects found. As mentioned before, the chosen studies are of sufficient quality. 
In short, results show that the installation of automatic barriers or gates at rail-road crossings 
decreases road safety risk. Hence, a green colour code was assigned.  
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2.2 CONCLUSION 
Studies on the effect of the installation of automatic barriers at rail-road crossings on road safety 
identified in the international literature mainly focus on accident frequency. Moreover, some studies 
analysed violation frequency as well as driver behaviour. 
Studies on accident frequency indicate that the installation of automatic barriers at rail road 
crossings is associated with a reduction in crash occurrence, especially at rail-road crossings that 
previously only had warning signs. 
 
Studies focusing on violation frequency focused more on the improvement of automatic barriers at 
rail road crossings and mostly showed a reduction of violation frequency. Positive effects regarding 
road safety for the installation of automatic barriers were also shown in studies focusing on driver 
behaviour. 
 
Summarising, the installation of automatic barriers at rail-road crossings seems to reduce crash 
occurrence. Moreover, it appears that the installation of automatic barriers also seems to have 
positive effects on driver behaviour at rail-road crossings and might reduce violations. This result is 
emphasised with the results of the review-type analysis.  
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3 Supporting document 
 
 
3.1 METHODOLOGY 
3.1.1 Exploratory analysis of results 
Table 8 presents information on the main outcomes of coded studies on the installation of 
automatic barriers. 
Table 8 Main outcomes of coded studies on the installation of automatic barriers 
Author, 
Year, 
Country 
Exposure 
variable 
Outcome variable / Outcome 
type  
Effects Main outcome -description 
Agent et al., 
1996; 
United 
States 
Installation of 
automatic 
gates 
Crash count / All  percent accident 
reduction=75% 
Non-significant reduction of crash 
occurrence due to the installation 
of automatic gates 
Installation of 
flashing lights 
and 
automatic 
gates 
Crash count / All  percent accident 
reduction=75% 
Non-significant reduction of crash 
occurrence due to the installation 
of flashing lights and automatic 
gates 
Elvik, 2009, 
Norway 
Installation of 
barriers at 
level crossings 
that 
previously 
had flashing 
lights and 
sound signals 
Crash count / All ↘ Percent change=-
45% 
Non-significant reduction of crash 
occurrence due to the installation 
of barriers at level crossings that 
previously had flashing lights and 
sound signals 
 Installation of 
barriers at 
level crossings 
that 
previously 
only had 
warning signs 
Crash count / All ↘ Percent change=-
68% 
Non-significant reduction of crash 
occurrence due to the installation 
of barriers at level crossings that 
previously only had warning signs 
Hellman et 
al., 2007, 
United 
States 
Upgrade to 4-
quadrant 
gates with 
ODS 
(obstruction 
detection 
system) 
Violation count / Motor vehicles 
traversing after warning lights 
began flashing but before gates 
were fully deployed 
↘ Relative 
difference=56.55% 
Significant positive effect of 
upgrade to 4-quadrant gates with 
ODS on motor vehicles traversing 
after warning lights began flashing 
but before gates were fully 
deployed 
 Violation count / Motor vehicles 
traversing after gates were fully 
deployed 
↘ Relative 
difference=100% 
Significant positive effect of 
upgrade to 4-quadrant gates with 
ODS on motor vehicles traversing 
after gates were fully deployed 
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Author, 
Year, 
Country 
Exposure 
variable 
Outcome variable / Outcome 
type  
Effects Main outcome -description 
Kim & Kang, 
2002, South 
Korea 
Railway Gate 
Control 
System - 
Gates (with 
different 
down speeds 
for barriers) 
Crash Count/All  Percent accident 
reduction=68.8% 
Non-significant reduction of crash 
occurrence due to the installation 
of gates (railway gate control 
systems) 
Newstead & 
Corben, 
2001, 
Australia 
automatic 
gates (no 
further 
information 
presented) 
Crash count / All  Percent accident 
reduction=-
150.75%, p=0.3589 
Non-significant negative effect of 
automatic barriers 
Rudin-
Brown et al., 
2012, 
Australia 
Installation of 
flashing lights 
with boom 
barriers 
Violation count ↘ Relative 
proportion=0.357, 
p<0.02 
Significant positive effect of 
installation of flashing lights with 
automatic gates on violation 
occurrence compared to stop-
controlled crossings 
Tey et al., 
2011, 
Australia 
Installation of 
Flashing lights 
Stopping compliance (compared 
to stop-control only – field video 
recording analysis) 
↘ Absolute 
difference=29%, 
Chi-square 
test(x²)=6.65 
Significant higher stopping 
compliance at rail-road crossings 
with flashing lights compared to 
stop signs only  
Stopping compliance (compared 
to stop-control only – driving 
simulator study) 
 Absolute 
difference=26% 
Non-significant higher stopping 
compliance at rail-road crossings 
with flashing lights compared to 
stop signs only 
Final braking position (compared 
to stop control only – field video 
recording analysis) 
 Relative 
difference=72.7% 
Non-significant larger distance of 
final braking position from rail-
road crossing at rail-road crossings 
with flashing lights compared to 
stop signs only 
Final braking position (compared 
to stop control only – driving 
simulator study) 
 Relative 
difference=75.70% 
Non-significant larger distance of 
final braking position from rail-
road crossing at rail-road crossings 
with flashing lights compared to 
stop signs only 
Installation of 
boom barriers 
Stopping compliance (compared 
to stop-control only – field video 
recording analysis)  
↘ Absolute 
difference=36%, 
Chi-square 
test(x²)=29.86 
Significant higher stopping 
compliance at rail-road crossings 
with boom barriers compared to 
stop signs only  
Final braking position (compared 
to stop-control only – field video 
recording analysis) 
 Relative 
difference=81.2% 
Non-significant larger distance of 
final braking position from rail-
road crossing at rail-road crossings 
with boom barriers compared to 
stop signs only 
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Author, 
Year, 
Country 
Exposure 
variable 
Outcome variable / Outcome 
type  
Effects Main outcome -description 
Van der 
Horst & 
Bakker, 
2002, 
Netherlands 
Extension of 
barriers for 
pedestrians 
Number of red light runners / 
Pedestrians, between fully down 
barriers and until 5 s before train, 5 
s before train, in between two 
trains, within 5 s after train has 
left, within 5 s after second train 
left, between 5 s after train and 
opening barrier, crossing on right 
side 
 Relative 
difference=-81.81% 
Non-significant positive effect of 
extension of barriers for 
pedestrians on number of red light 
runners 
Extension of 
barriers for 
pedestrians 
Number of red light runners / 
Pedestrians, during opening 
barriers, crossing on right side 
 Relative 
difference=-36.36% 
Non-significant positive effect of 
extension of barriers for 
pedestrians on number of red light 
runners 
Extension of 
barriers for 
pedestrians 
Number of red light runners / 
Pedestrians, between fully down 
barriers and until 5 s before train, 5 
s before train, in between two 
trains, within 5 s after train has 
left, within 5 s after second train 
left, between 5 s after train and 
opening barrier, crossing on left 
side 
 Relative 
difference=114.29% 
Non-significant negative effect of 
barriers for pedestrians on number 
of red light runners 
Extension of 
barriers for 
pedestrians 
Number of red light runners / 
Pedestrians, between descending 
and fully down barriers, during 
opening barriers, crossing on left 
side 
 Relative 
proportion=0.7% 
Non-significant negative effect of 
barriers for pedestrians on number 
of red light runners 
Extension of 
barriers for 
pedestrians 
Number of red light runners / 
Pedestrians, between fully down 
barriers and until 5 s before train, 5 
s before train, in between two 
trains, within 5 s after train has 
left, within 5 s after second train 
left, between 5 s after train and 
opening barrier, crossing on left 
side 
 Relative 
proportion=0.4% 
Non-significant negative effect of 
barriers for pedestrians on number 
of red light runners 
Extension of 
barriers for 
cyclists 
Number of red light runners / 
Cyclists, between fully down 
barriers and until 5 s before train, 5 
s before train, in between two 
trains, within 5 s after train has 
left, within 5 s after second train 
left, between 5 s after train and 
opening barrier, crossing on right 
side 
 Relative 
difference=-88.24% 
Non-significant positive effect of 
barriers for cyclists on number of 
red light runners 
Extension of 
barriers for 
cyclists 
Number of red light runners / 
Cyclists, in between two trains, 
crossing on right side 
 Relative 
difference=-57.14% 
Non-significant negative effect of 
barriers for cyclists on number of 
red light runners 
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Author, 
Year, 
Country 
Exposure 
variable 
Outcome variable / Outcome 
type  
Effects Main outcome -description 
Extension of 
barriers for 
pedestrians 
Number of red light runners / 
Pedestrians, between fully down 
barriers and until 5 s before train, 5 
s before train, in between two 
trains, within 5 s after train has 
left, within 5 s after second train 
left, between 5 s after train and 
opening barrier, crossing on left 
side 
 Relative 
difference=-90.9% 
Non-significant positive effect of 
barriers for pedestrians on number 
of red light runners (pedestrians 
using bicycle path in opposite 
direction) 
Extension of 
barriers for 
pedestrians 
Number of red light runners / 
Pedestrians, during opening 
barriers, crossing on left side 
 Relative 
difference=600% 
Non-significant negative effect of 
barriers for pedestrians on number 
of red light runners (pedestrians 
using bicycle path in opposite 
direction) 
   *Significant effects on road safety are coded as: positive (↘), negative (↗) or non-significant () 
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3.2 FULL LIST OF STUDIES 
3.2.1 Meta-analyses 
Elvik, R. (2009). Protecting Railway-highway level crossings. The Handbook of Road Safety 
Measures, Norwegian (online) version. 
Following studies were concluded in the Meta-analysis: 
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Research Board, Washington D. C. 
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planoverganger. Samferdselsdepartementet, Oslo. 
Ricker, E.R., Banks, J.F., Brenner, R. et al. (1977). Evaluation of Highway Safety Program Standards 
Within the Purview of the Federal Highway Administration - Final report. Report DOT-FH-
11-9129. US Department of Transportation, Federal Highway Administration, Washington 
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Washington D.C. 
Schulte, W. R. (1976). Effectiveness of Automatic Warning Devices in Reducing Accidents at-grade 
Crossings. Transportation Research Record, 611, 49-57. 
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1 Summary 
 
 
Soteropoulos, A. & Stadlbauer, S.; March 2017 
 
1.1 COLOUR CODE  
Grey: From studies on the effects of the installation / replacement of stop / yields (give way) signs at 
junctions, it appears that only the installation of two-way stop signs significantly reduces crash 
occurrence. Other ways of installing stop signs, as well as the installation of yield signs may reduce 
crash occurrence, but reductions were not statistically significant. The replacement of stop signs 
with yield signs appears to significantly increase crash occurrence. As two contrary measures were 
combined in this synopsis a grey (neutral) colour code was applied.  
 
1.2 KEYWORDS 
stop sign; yield sign, traffic sign, junction, one-way stop; two-way stop; all-way stop; four-way stop; 
installation; replacement 
 
1.3 ABSTRACT 
Regarding the effects of the installation / replacement of stop / yield signs at junctions on road 
safety, it can be observed, that only the installation of two-way stops and four-way stops 
significantly reduces crash occurrence. For the installation of one-way stops and yield signs, only 
non-significant results were presented. The replacement of stop signs with yield signs seems to 
significantly increase crash occurrence. Research mainly focused on crashes with motor vehicles or 
did not differentiate between road user groups or traffic volume. Most research was carried out in 
Australia, but a European meta-analysis (from Norway) was also used. 
In general, the coded studies are of sufficient quality and are methodologically sound. However, 
some studies didn’t consider changes in traffic volume, and regression to the mean appears to be a 
problem in some studies. 
 
 
1.4 BACKGROUND 
1.4.1 What is the installation / replacement of stop / yield signs? 
At junctions having no regulatory traffic control signs, the right-of-way (in countries driving on the 
right) is applied such that the driver of a vehicle approaching a junction must yield the right-of-way 
to any vehicle or pedestrian already in the junction. When two vehicles approach a junction from 
different streets or highways at approximately the same time, the right-of-way rule requires the 
driver of the vehicle on the left to yield the right-of-way to the vehicle on the right. This rule can be 
modified at through streets or highways by placing stop or yield signs on one or more approaches 
(FHWA 2012). This is common at junctions where one road is wider than the other or has 
significantly more traffic, and compliance with the right-of-way rule is often poor (Elvik et al. 2009). 
SafetyCube | Synopsis on installation / replacement of stop / yield signs | WP5  3 
Stop signs indicate the requirement to stop and ensure the way is clear before crossing a junction or 
turning right or left. By putting up stop signs, road users are obliged to come to a complete halt 
before passing the junction. This ought to give better time to observe traffic. Two versions of using 
stop signs at four-leg junctions are common: two-way stop and four-way stop (very widespread in 
North America). Whereas a two-way stop means that stop signs are installed at the minor road only, 
four-way stop (or all-way stop) means that stop signs are installed at all roads entering a junction. If 
a junction is controlled by a two-way stop, vehicles from the minor road have to wait until there is a 
sufficient gap in the traffic on the major road to enter it. If four-way stop signs are installed at a  
junction, whoever arrives first, goes first. Moreover, sometimes stop signs are also used at T-
junctions (at the yielding arm of the minor road), known as the installation of one-way stop (Elvik et 
al. 2009). 
Yield signs indicate that each driver must prepare to stop if necessary to let a driver on another 
approach proceed. Thus, vehicles controlled by a yield sign need to slow down to a speed that is 
reasonable for the existing conditions or stop when necessary to avoid interfering with conflicting 
traffic (FHWA 2012).  
 
Figure 1: Stop and yield sign (FHWA 2012) 
 
1.4.2 How does the installation / replacement of stop / yield signs affect road safety? 
Stop signs at junctions are intended to reduce accidents by giving road users more time to observe 
traffic before entering the junction (Elvik et al. 2009). Their use is common at minor-street 
approaches to junctions where the vehicular traffic volume on the through street is high (FHWA 
2012). 
The purpose of introducing yield signs is to simplify road user decision-making, improve the flow of 
traffic and increase safety. This is in reaction to the so-called compound yield situations at right-
hand priority controlled junctions (no regulatory traffic control signs), where a number of road users 
are required to yield to each other. In such situations, many road users are in doubt as to how they 
are to proceed (Elvik et al. 2009). The use of yield signs is common on the approaches to a through 
street or highway where conditions are such that a complete stop is not always required (FHWA 
2012). 
 
1.4.3 Which safety outcomes are affected by the installation / replacement of stop / yield 
signs? 
In the international literature, the effect of the installation / replacement of stop / yield signs at 
junctions on road safety has been measured on one basic outcome, namely accident frequency 
(number of crashes occurred). 
 
1.4.4 How is the effect of the installation / replacement of stop / yield signs studied? 
International literature indicated that the effect of the installation / replacement of stop / yield signs 
at junctions on road safety is mostly examined by conducting (quasi-)experimental before-after 
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designs. One study also developed crash reduction factors using a survey and a literature review. 
Studies identified mostly focused on junctions on urban roads.  
 
1.5 OVERVIEW RESULTS 
1.5.1 Main results 
Regarding the effects of the installation / replacement of stop / yield signs at junctions it seems, that 
only the installation of two-way stops and four-way stops significantly reduces crash occurrence. In 
his meta-analysis Elvik (2017) presented an injury crash reduction of 44% and 47% respectively. 
Although the installation of one-way stops might reduce crash occurrence as well, only non-
significant results were presented. This also seems to be the case for the installation of yield signs, 
where also only non-significant results were presented. The replacement of stop signs by yield signs, 
however, seems to significantly increase crash occurrence. Elvik presented an increase of injury 
crashes by 39%. 
 
1.5.2 Transferability 
Overall, the topic seems to have been studied to a reasonable extent (6 relevant studies and one 
meta-analysis considering 24 studies). Research mainly focused on crashes with motor vehicles or 
did not differentiate between road user groups or traffic volume. Most research was carried out in 
Australia, but a European meta-analysis (from Norway) was found as well. 
 
1.6 NOTES ON ANALYSIS METHODS 
In general, the coded studies are of sufficient quality and are methodologically sound. However, 
some studies didn’t consider changes in traffic volume. Moreover, regression to the mean appears 
to be a problem in some studies. 
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2 Scientific overview 
 
 
2.1 LITERATURE REVIEW 
2.1.1 Analysis of study designs and methods 
Overall six studies and one meta-analysis on the effect of the installation / replacement of stop / 
yield signs were selected and coded. All of the studies, as well as the meta-analysis, focused on 
accident frequency. Nearly all studies (Guyano-Cardona et al. 1998; Morrison 1998; Newstead & 
Corben 2001; Sayed et al. 2006; Simpson & Hummer 2010), as well as the meta-analysis (Elvik 2017), 
deployed (quasi-)experimental before-after designs for examining the effect of the installation / 
replacement of stop / yield signs on accident frequency. One study (Agent et al. 1996) developed 
crash reduction factors using a survey and a literature review.  
The studies identified mostly focused on junctions on urban roads, only one study (Simpson & 
Hummer 2010) analysed the effects of the installation of stop / yield signs also on suburban and rural 
roads. Most research has been undertaken in Australia (3 studies). But, also the United States (2 
studies), Canada (1 study) and Norway (meta-analysis) were part of the examination. For conducting 
the meta-analysis besides studies from Australia, Canada and the United States, studies from 
Sweden, Israel, New Zealand, Denmark and Finland were also used. 
Table 1 illustrates an overview of the main features of coded studies (sample, method, etc.). 
 
Table 1 Description of coded studies 
Author,  
Year, 
Country 
Sample, method/design  
and analysis 
 
Reference 
group 
Additional 
information on 
analysis 
Agent et al., 
1996; United 
States 
Development of accident reduction 
factors using a survey of numerous US 
states and a review of literature 
accident reduction factors 
associated with specific 
safety improvements 
- only presentation of 
accident reduction 
factors 
Elvik, 2017, 
Norway 
Meta-analysis including 24 studies using a 
matched/unmatched before-after design 
Meta-analysis with 
random effects and fixed 
effects 
- Meta-analysis includes 
studies from Norway, 
Australia, Sweden, 
United States, Israel, 
New Zealand, Canada, 
Finland and Denmark 
Guyano-
Cardona et al., 
1998, 
Australia 
Quasi-experimental, before-after 
analysis/comparison using accident data 
of 39 intersections from 1984-1997 
before-after 
analysis/comparison of 
crash occurrence 
- Focus on urban 
intersections 
Morrison, 
1998, 
Australia 
Quasi-experimental, before-after analysis 
using accident data of six intersections, 
treated between 1988 and 1991 
before-after analysis of 
crash occurrence 
untreated 
intersections in 
same council areas 
Focus on urban 
intersections 
Newstead & 
Corben, 2001, 
Australia 
Quasi-experimental, before-after analysis 
of 559 different sites 
before-after analysis of 
crash occurrence 
untreated 
intersections 
hazardous sites 
throughout Victoria 
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Author,  
Year, 
Country 
Sample, method/design  
and analysis 
 
Reference 
group 
Additional 
information on 
analysis 
Sayed et al., 
2006, Canada 
Quasi-experimental, before-after analysis 
using three different techniques (Odds 
ratio technique, Odds ratio technique 
with matched yoked comparison group, 
Likelihood method adjusted by 
comparison group) including 380 
uncontrolled intersections completed 
between 1999 and 2002 
before-after analysis of 
crash occurrence (total and 
severe crashes) 
untreated 
intersections with 
close proximity to 
treated sites 
Focus on urban 
(residential) intersections 
Simpson & 
Hummer, 
2010, United 
States 
Quasi-experimental, Empirical Bayes 
before-after analysis including accident 
data of 53 intersections from 1990-2009 
before-after analysis of 
crash occurrence (total, 
injury, frontal-impact and 
ran-stop-sign crashes) 
286 untreated 
reference 
intersections 
urban, suburban and rural 
intersections 
 
 
2.1.2 Study results 
From the studies identified, most studies focusing on the installation of stop signs show a reduction 
in crash occurrence, however there are differences regarding the significance of these reductions for 
different types of stop sign installations. Whereas the installation of two-way stops and four-way 
stops is associated with a statistically significant reduction in crash occurrence and thus seems to 
reduce crash occurrence, the presented results for the installation of one-way stops were not 
statistically significant. The latter is also the case for the installation of yield signs. The replacement 
of stop signs by yield signs however seems to significantly increase crash occurrence. 
 
For the installation of one-way stops (the installation of a stop sign on a yielding arm at a T-junction) 
in his meta-analysis Elvik (2017) indicates a reduction of injury crashes, however, the effect was not 
statistically significant. 
 
For the installation of two-way stops at four-leg junctions, the results of Elvik (2017) indicate a 
significant reduction of injury crashes by 44%. Moreover, Sayed et al. (2006) indicate that the 
installation of a two-way stop at uncontrolled urban junctions significantly reduced total crashes and 
severe injury collisions. Therefore, the authors described the installation of two-way stops at 
uncontrolled junctions (in residential neighbourhoods) as an effective measure for reducing both the 
frequency and severity of collisions in urban areas. Furthermore, results of Morrison (1998) – also 
focusing on urban junctions – indicate that the installation of stop signs in combination with median 
treatment at minor junctions leads to a significant reduction in crash occurrence. The authors 
further describe that this was especially the case at junctions with an unclear road hierarchy or with 
similar traffic volumes on each approach road, poor visibility of the left-hand side stop sign and with 
limited sight distance. Agent et al. (1996) also indicate a reduction in crash occurrence due to the 
installation of two-way stop signs; however, no test for statistical significance was presented. 
For the installation of four-way stops (installation of stop signs on each leg of a cross junction), Elvik 
(2017) indicates a statistically significant reduction of crashes (unspecified severity) by 47%. 
Furthermore, Guyano-Cardona et al. (1998) – focusing on urban junctions – indicate a reduction in 
crash occurrence, however accidents before the installation were only compared to accidents after 
the installation with no comparison/control group and statistical significance was not tested. 
Moreover, results of Simpson & Hummer (2010) – focusing on the conversion of junction control 
from two-way stop to four-way stop – indicate a substantial reduction of total crash occurrence as 
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well as injury crash occurrence. This was also the case for frontal impact and ran-stop-sign crash 
occurrence. The authors further mentioned that the conversion from two-way stop to four-way stop 
control is consistently effective at a wide range of junction volumes, and can be just as effective at 
higher entering volumes as it is at lower. However, no test for statistical significance of the effects 
was presented. Moreover, Agent et al. (1996) indicate a reduction in crash occurrence due to the 
installation of four-way stops; however, no test for statistical significance is presented in this study 
either. 
For the installation of yield signs, results of Elvik (2017) indicate a small reduction of injury crashes by 
4% and an increase of damage only crashes by 9%, however, the effects were not statistically 
significant. In addition, Agent et al. (1996) indicate a reduction in crash occurrence due to the 
installation of yield signs, but no test for statistical significance is presented. 
For the replacement of stop signs by yield signs, Elvik (2017) indicates a significant increase of injury 
crashes by 39%. 
For the installation of traffic signs at junctions in general, the results of Newstead & Corben (2001) 
indicate a reduction of crash occurrence; however, the effect was not statistically significant. 
 
 
2.1.1 Description of analysis carried out 
Vote-count analysis 
Considering the number of studies with the relevant estimates is was decided that a vote-count 
analysis can be conducted. Table 2 gives an overview of the results of the analysis. They show that 
only the installation of two-way stops and four-way stops statistically significantly reduces crash 
occurrence. For the installation of one-way stops and yield signs only non-significant effects were 
found. The replacement of stop signs by yield signs, however, statistically significantly increases 
crash occurrence. In total positive effects represent 83%, whereas negative effects represent 17% of 
all effects.  
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Table 2 Results of the vote-count analysis 
  
Total number of effects 
tested 
Result (number of 
effects)* 
  
Result (% of 
effects) 
    ↗ - ↘   ↗ ↘ 
Accident  
Frequency** 
20 1 14 5 
 
17% 83% 
Installation of one-
way stop 
2 - 2 - 
 
- - 
Installation of two-
way stop 
5 - 1 4 
 
0% 100% 
Installation of four-
way stop 
8 - 7 1 
 
0% 100% 
Installation of Yield 
signs 
3 - 3 - 
 
- - 
Installation of traffic 
signs (not specified) 
1 - 1 - 
 
- - 
Replacement of stop 
signs by yield signs 
1 1 - - 
 
100% 0% 
*Significant effects on road safety are coded as: positive (↘), negative (↗) or non-significant () 
**Since types of measures differ, the summarised effects for accident frequency can’t be 
interpreted as main results. 
 
As presented above, it can be summarised that the installation of stop and yield signs has an overall 
positive effect on road safety. In addition, the replacement of stop signs by yield signs significantly 
negatively influences crash occurrence. As two different measures with contrary results were 
combined in this synopsis a grey colour code was chosen. 
 
2.2 CONCLUSION 
Studies on the effect of the installation / replacement of stop / yield signs on road safety identified in 
the international literature focus only on accident frequency.  
 
The results of the studies differ due to the different ways the installation / replacement of stop / yield  
signs is implemented. Studies on the installation of stop signs indicate a significant reduction of 
crash occurrence for the installation of two-way stops and four-way stops (44%-47% for injury 
crashes), whereas for the installation of one-way stops non-significant results were presented. 
 
For the installation of yield signs, only non-significant results were also presented. Studies on the 
replacement of stop signs by yield signs indicate a significant increase of crash occurrence (39% for 
injury crashes). 
 
Summarising, only the installation of two-way stops and four-way stops seems to reduce crash 
occurrence, while for the installation of one-way stops and yield signs, no significant reductions 
were found. The replacement of stop signs by yield signs, however, seems to increase crash 
occurrence. 
 
Conducting a vote-count analysis it can be outlined that the installation of stop signs and yield signs 
had a positive overall effect on road safety, whereas the replacement of stop signs by yield signs led 
to higher crash rates.  
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3 Supporting document 
 
 
3.1 METHODOLOGY 
3.1.1 Literature Search strategy 
The literature search was conducted separately for installation of stop / yield signs and replacement 
of stop / yield signs in November and December 2016. It was carried out for the two topics in four 
databases with similar search strategies. The following databases were browsed through during the 
literature search: ‘Scopus’, ‘Science Direct’, ‘TRID’ and ‘Taylor and Francis Online’. Detailed search 
terms, as well as their linkage with logical operators and combined queries are shown in the 
following tables. The study scope did not exclude countries or source types like “Journal” or 
“Project”. In some of the searches remaining studies were limited to subject areas (e.g. 
“Engineering”). Out of the overall 1224 potentially eligible studies, after screening the abstracts of 
these 1224 studies the full-text was only obtained from 18, and 4 studies were coded and included in 
the synopsis. Other already known or during the literature search occasionally (e.g. via Google) 
found studies, as well as studies found in the literature search for other topics and including effects 
for installation of stop / yield signs were added as additional studies (3). The reference lists of the 
studies were only partly checked. 
 
Table 3 Literature search strategy installation of stop / yield signs, database: Scopus 
search no. search terms / operators / combined queries hits 
#1 ( TITLE-ABS-KEY ( "stop"  OR  "yield"  OR  "give way" )  AND  TITLE-ABS-KEY ( 
"intersection"  OR  "junction" ) )  AND  PUBYEAR  >  1989 
9,149 
#2 ( TITLE-ABS-KEY ( "stop"  OR  "yield"  OR  "give way"  AND  "sign"  OR  
"junction"  OR  "intersection" )  AND  TITLE-ABS-KEY ( "intersection"  OR  
"junction"  AND  "installation"  OR  "effect"  AND  "sign" ) )  AND  PUBYEAR  >  
1989 
100 
 
Table 4 Literature search strategy replacement of stop / yield signs, database: Scopus 
search no. search terms / operators / combined queries hits 
#1 ( TITLE-ABS-KEY ( "stop"  OR  "yield"  OR  "give way" )  AND  TITLE-ABS-KEY ( 
"intersection"  OR  "junction" ) )  AND  PUBYEAR  >  1989 
9,149 
#2 ( TITLE-ABS-KEY ( "stop"  OR  "yield"  OR  "give way"  AND  "sign"  OR  
"junction"  OR  "intersection" )  AND  TITLE-ABS-KEY ( "intersection"  OR  
"junction"  AND  "replacement"  OR  "removal" ) )  AND  PUBYEAR  >  1989 
175 
 
 
Table 5 Literature search strategy installation of stop / yield signs, database: ScienceDirect 
search no. search terms / operators / combined queries hits 
#1 pub-date > 1989 and ("stop sign" or "yield sign" or "give way sign") and 
("junction" or "intersection") 
1,094 
#2 pub-date > 1989 and ("stop sign" or "yield sign" or "give way sign") and 
("junction" or "intersection" and "effect" ans "safety") 
678 
#3 pub-date > 1989 and ("stop sign" or "yield sign" or "give way sign") and 
("junction" or "intersection" and "effect" and "installation" and "safety"). 
96 
 
Table 6 Literature search strategy replacement of stop / yield signs, database: ScienceDirect 
search no. search terms / operators / combined queries hits 
#1 pub-date > 1989 and ("stop sign" or "yield sign" or "give way sign") and 1,094 
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("junction" or "intersection") 
#2 pub-date > 1989 and ("stop sign" or "yield sign" or "give way sign") and 
("junction" or "intersection" AND "replacement" OR "removal") 
162 
 
 
Table 7 Literature search strategy installation of stop / yield signs, database: TRID 
search no. search terms / operators / combined queries hits 
#1 "stop sign" OR "yield sign" or "give way sign" and "intersection" or "junction" 3,138 
#2 "stop sign" OR "yield sign" or "give way sign" and "intersection" or "junction" 
and "installation" and "effect" and "treatment" (in: Pedestrians and Bicyclists, 
Safety and Human Factors, Transportation (General)) 
268 
 
Table 8 Literature search strategy replacement of stop / yield signs, database: TRID 
search no. search terms / operators / combined queries hits 
#1 "stop sign" OR "yield sign" or "give way sign" and "intersection" or "junction" 3,138 
#2 "stop sign" OR "yield sign" or "give way sign" and "intersection" or "junction" 
AND "replacement" OR "removal" AND "effect" AND "safety" ABD "treatment" 
267 
 
 
Table 9 Literature search strategy installation of stop / yield signs, database: Taylor & Francis Online 
search no. search terms / operators / combined queries hits 
#1 [All: "stop sign"] OR [All: "yield sign"] OR [[All: "give way sign"] AND [All: 
"installation"]] 
883 
#2 [All: "stop sign"] OR [All: "yield sign"] OR [[All: "give way sign"] AND [All: 
"installation"] AND [All: "treatment"] AND [All: "effect"]] AND [All Subjects: 
Engineering & Technology] AND [All Subjects: Transport & Vehicle Engineering] 
96 
 
Table 10 Literature search strategy replacement of stop / yield signs, database: Taylor & Francis 
Online 
search no. search terms / operators / combined queries hits 
#1 [All: "stop sign"] OR [All: "yield sign"] OR [[All: "give way sign"] AND [All: 
"intersection"]] OR [All: "junction"] AND [All Subjects: Engineering & 
Technology] 
10,111 
#2 [[All: "stop sign"] OR [All: "yield sign"] OR [All: "give way sign"]] AND [[All: 
"intersection"] OR [All: "junction"]] AND [[All: "replace"] OR [All: "remove"]] 
60 
 
 
Table 11 Results Literature Search installation of stop / yield signs 
Database Hits 
Scopus (remaining papers after several limitations/exclusions) 100 
Science Direct 96 
TRID 268 
Taylor & Francis Online 96 
Total number of studies to screen title/ abstract 560 
 
Table 12 Results Literature Search replacement of stop / yield signs 
Database Hits 
Scopus (remaining papers after several limitations/exclusions) 175 
Science Direct 162 
TRID 267 
Taylor & Francis Online 60 
Total number of studies to screen title/ abstract 664 
SafetyCube | Synopsis on installation / replacement of stop / yield signs | WP5  11 
The final 7 studies included in the synopsis indicate that the topic has been investigated to a 
reasonable extent. The prioritising criteria for coding were the following, however all studies 
codable and suitable for the topic were coded. 
 
- Prioritising Step A (e.g. meta-analysis first) 
- Prioritising Step B (most recent studies) 
- Prioritising Step C (Journals over conferences and reports) 
- Prioritising Step D (Prestigious journals over other journals and conference papers) 
 
One meta-analysis was found. 
 
3.1.2 Exploratory analysis of results 
Table 13 presents information on the main outcomes of coded studies on the installation / 
replacement of stop / yield signs. 
Table 13 Main outcomes of coded studies on installation / replacement of stop / yield signs 
Author, 
Year, 
Country 
Exposure variable 
Outcome variable / 
Outcome type  
Effects Main outcome -description 
Agent et al., 
1996; United 
States 
Installation of stop sign 
(two-way) 
Crash count / All  percent accident 
reduction=35% 
Non-significant reduction of crash 
occurrence due to the installation of 
stop signs (two-way) 
Installation of All-Way 
Stop 
Crash count / All  percent accident 
reduction=55% 
Non-significant reduction of crash 
occurrence due to the installation of 
All-Way-Stop 
Installation of yield sign Crash count / All  percent accident 
reduction=45% 
Non-significant reduction of crash 
occurrence due to the installation 
yield signs 
Elvik, 2017, 
Norway 
Installation of stop sign 
(one-way stop in T-
intersection) 
Crash count / injury 
crashes 
 Percent change=-
31% 
Non-significant reduction of injury 
crashes due to the installation of 
one-way stop in T-intersection 
Installation of stop signs 
(two-way stop in four-leg 
intersection) 
Crash count / injury 
crashes 
↘ Percent change=-
44% 
Significant reduction of injury 
crashes due to the installation of 
two-way stop in four-leg 
intersection 
Installation of four way 
stop 
Crash count / 
unspecified severity 
↘ Percent change=-
47% 
Significant reduction of crashes 
(unspecified severity) due to the 
installation of four way stop at 
intersections 
Installation of yield signs Crash count / injury 
crashes 
 Percent change=-
4% 
Non-significant reduction of injury 
crashes due to the installation of 
yield signs 
Crash count / damage 
only crashes 
 Percent 
change=9% 
Non-significant increase of damage 
only crashes due to the installation 
of yield signs 
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Author, 
Year, 
Country 
Exposure variable 
Outcome variable / 
Outcome type  
Effects Main outcome -description 
Replacement of stop signs 
by yield signs (all types of 
junction) 
Crash count / injury 
crashes 
↗ Percent 
change=39% 
Significant increase of injury crashes 
due to the replacement of stop 
signs by yield signs 
Guyano-
Cardona et 
al., 1998, 
Australia 
Installation of four-way 
stop signs 
Crash count / All  percent accident 
reduction=90% 
Non-significant reduction of crash 
occurrence with the installation of 
four-way stop signs 
Crash count / cross 
traffic 
 percent accident 
reduction=96% 
Non-significant reduction of cross 
traffic crash occurrence with the 
installation of four-way stop signs 
Crash count / right 
angle 
 percent accident 
reduction=50% 
Non-significant reduction of right 
angle crash occurrence with the 
installation of four-way stop signs 
Crash count / other 
accidents 
 percent accident 
reduction=40% 
Non-significant reduction of 
occurrence of other crashes with 
the installation of four-way stop 
signs 
Morrison, 
1998, 
Australia 
Installation of stop-signs 
(in combination with 
median treatment) – 
Minor Intersection Sign 
Treatment (MIST) 
Crash count / All ↘ percent accident 
reduction=23%, 
p<0.01 
Significant positive effect of the 
installation of stop signs (in 
combination with median 
treatment) on road safety 
(reduction in accident frequency) 
Newstead & 
Corben, 
2001, 
Australia 
signs (no further 
information presented) 
Crash count / All  Percent accident 
reduction i=-
8,92%, p=0,5873 
Non-significant reduction of crash 
occurrence due to the installation of 
traffic signs at intersections 
Sayed et al. 
2006, 
Canada 
Installation of Two-way 
stop 
 
Crash count / All (Odds 
ratio) 
↘ percent accident 
reduction=52,8% 
Significant positive effect of the 
installation of two-way stop on road 
safety (reduction in accident 
frequency) 
Crash count / Severe 
crashes (Odds ratio) 
↘ percent accident 
reduction=66,9% 
Significant positive effect of the 
installation of two-way stop on road 
safety (reduction in accident 
frequency) 
Crash count / All (Odds 
ratio with matched 
yoked comparison 
group) 
↘ percent accident 
reduction=44,8%, 
p<0,0001 
Significant positive effect of the 
installation of two-way stop on road 
safety (reduction in accident 
frequency) 
Crash count / Severe 
crashes (Odds ratio 
with matched yoked 
comparison group) 
↘ percent accident 
reduction=61,1%, 
p<0,0001 
Significant positive effect of the 
installation of two-way stop on road 
safety (reduction in accident 
frequency) 
Crash count / All 
(Likelihood function 
adjusted by comparison 
group) 
↘ percent accident 
reduction=54,8%, 
p<0.0001 
Significant positive effect of the 
installation of two-way stop on road 
safety (reduction in accident 
frequency) 
SafetyCube | Synopsis on installation / replacement of stop / yield signs | WP5  13 
Author, 
Year, 
Country 
Exposure variable 
Outcome variable / 
Outcome type  
Effects Main outcome -description 
Crash count / Severe 
crashes (Likelihood 
function adjusted by 
comparison group) 
↘ percent accident 
reduction=72.3%, 
p<0,0001 
Significant positive effect of the 
installation of two-way stop on road 
safety (reduction in accident 
frequency) 
Simpson & 
Hummer, 
2010, United 
States 
 
Conversion from two-way 
to all-way stop control 
 
Crash count / all  percent accident 
reduction=68.1% 
Non-significant reduction of crash 
occurrence with the installation of 
four-way stop signs 
Crash count / all 
(locations with stop 
signs without flashing 
beacon) 
 percent accident 
reduction=60.7% 
Non-significant reduction of crash 
occurrence with the installation of 
four-way stop signs 
Crash count / all 
(locations with stop 
signs with flashing 
beacon) 
 percent accident 
reduction=80.2% 
Non-significant reduction of crash 
occurrence with the installation of 
four-way stop signs 
Crash count / all 
(locations with stop 
signs without flashing 
beacon but later 
installed) 
 percent accident 
reduction=81.7% 
Non-significant reduction of crash 
occurrence with the installation of 
four-way stop signs 
Crash count / injury 
crashes 
 percent accident 
reduction=77.0% 
Non-significant reduction of injury 
crash occurrence with the 
installation of four-way stop signs 
Crash count / injury 
crashes (locations with 
stop signs without 
flashing beacon) 
 percent accident 
reduction=72.4% 
Non-significant reduction of injury 
crash occurrence with the 
installation of four-way stop signs 
Crash count / injury 
crashes (locations with 
stop signs with flashing 
beacon) 
 percent accident 
reduction=86.5% 
Non-significant reduction of injury 
crash occurrence with the 
installation of four-way stop signs 
Crash count / injury 
crashes (locations with 
stop signs without 
flashing beacon but 
later installed) 
 percent accident 
reduction=86.6% 
Non-significant reduction of injury 
crash occurrence with the 
installation of four-way stop signs 
Crash count / front 
impact crashes 
 percent accident 
reduction=75.3% 
Non-significant reduction of front 
impact crash occurrence with the 
installation of four-way stop signs 
Crash count / front 
impact crashes 
(locations with stop 
signs without flashing 
beacon) 
 percent accident 
reduction=70.1% 
Non-significant reduction of front 
impact crash occurrence with the 
installation of four-way stop signs 
Crash count / front 
impact crashes 
(locations with stop 
signs with flashing 
beacon) 
 percent accident 
reduction=84.4% 
Non-significant reduction of front 
impact crash occurrence with the 
installation of four-way stop signs 
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Author, 
Year, 
Country 
Exposure variable 
Outcome variable / 
Outcome type  
Effects Main outcome -description 
Crash count / front 
impact crashes 
(locations with stop 
signs without flashing 
beacon but later 
installed) 
 percent accident 
reduction=85.7% 
Non-significant reduction of front 
impact crash occurrence with the 
installation of four-way stop signs 
Crash count / ran stop 
sign crashes 
 percent accident 
reduction=14.5% 
Non-significant reduction of ran 
stop sign crash occurrence with the 
installation of four-way stop signs 
Crash count / ran stop 
sign crashes (locations 
with stop signs without 
flashing beacon) 
 percent accident 
reduction=5.7% 
Non-significant reduction of ran 
stop sign crash occurrence with the 
installation of four-way stop signs 
Crash count / ran stop 
sign crashes (locations 
with stop signs with 
flashing beacon) 
 percent accident 
reduction=33.3% 
Non-significant reduction of ran 
stop sign crash occurrence with the 
installation of four-way stop signs 
Crash count / ran stop 
sign crashes (locations 
with stop signs without 
flashing beacon but 
later installed) 
 percent accident 
reduction=39.9% 
Non-significant reduction of ran 
stop sign crash occurrence with the 
installation of four-way stop signs 
*Significant effects on road safety are coded as: positive (↘), negative (↗) or non-significant () 
3.2 FULL LIST OF STUDIES 
3.2.1 Meta-analyses 
Elvik, R. (2017). Stop signs in junction; Yield signs in junctions. The Handbook of Road Safety 
Measures, Norwegian (online) version. 
Following studies were included in the Meta-analysis: 
Amundsen, F. H. (1973). Om vikeplikt og forkjørsrett del I. Trafikktekniske undersøkelser ved 
innføring av forkjørsveger. TØI-rapport. Oslo, Transportøkonomisk institutt. 
Andersson, K.  (1982). EMMA-rapport 4. Trafiksäkerhetseffekten av stopplikt. VTI-rapport 236. 
Linköping, Statens väg- och trafikinstitut (VTI) 
Brüde, U. & Larsson, J. (1992). Ändring från stopp- till väjningsplikt. Effekt på antal 
personskadeolyckor. VTI-meddelande 695. Linköping, Väg- och Trafik-Institutet. 
Brüde, U. & Larsson, J. (1990). Ändring från stopplikt til väjningsplikt i korsningar på statliga 
huvudvägnätet. Uppföljning av trafiksäkerhetseffekten. VTI-meddelande 640. Linköping, 
Väg- och TrafikInstitutet. 
Cedersund, H-Å. (1983). Olyckor i tätortskorsningar. VTI-meddelande 362. Linköping, Statens väg- 
och trafikinstitut (VTI) 
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Daltrey, R. A.; Howie, D. J.; Randall, J. (1978). Effect of metcon (metropolitan traffic control) on 
intersection accidents. ARRB Proceedings, 9, 5, 169-173. Vermont South, Victoria, Australian 
Road Research Board. 
El-Basyouny, K. & Sayed, T. (2010). Full Bayes approach to before-and-after safety evaluation with 
matched comparisons. Case study for Stop-sign in-fill program. Transportation Research 
Record, 2148, 1-8. 
Frith, W. J. & Derby, N. M. (1987). Intersection control by stop and give way signs - the conclusions of 
Polus. Accident Analysis and Prevention, 19, 237-241, 1987. 
Frith, W. J.; Harte, D. S. (1986). The safety implications of some control changes at urban 
intersections. Accident Analysis and Prevention, 18, 183-192. 
Helberg, N.; Hemdorff, S.; Højgaard, H.; Lund, H. & Ludvigsen, H. (1996). Effekt af stoptavler. 
Effektvurdering af forsøgsopstilling i 4-benede kryds i åpent land. RfT Arbejdsrapport 
8/1996. Gentofte, Rådet for Trafiksikkerhedsforskning. 
Johannessen, S. & Heir, J. (1974). Trafikksikkerhet i vegkryss. En analyse av ulykkes-forholdene i 187 
vegkryss i perioden 1968-72. Oppdragsrapport 4. Trondheim, Norges Tekniske Høgskole, 
Forskningsgruppen, Institutt for samferdsels-teknikk 
Kulmala, R. (1995). Safety at rural three- and four-arm junctions. Development and application of 
accident prediction models. VTT Publications 233. Espoo, Technical Research Centre of 
Finland. 
Lovell, J. & Hauer, E. (1986). The Safety Effect of Conversion To All-Way Stop Control.
 Transportation Research Record, 1068, 103-107. 
McGee, H. W. & Blankenship, M. R. (1989). Guidelines for converting stop to yield control at 
intersections. National Cooperative Highway Research Program Report 320. Washington 
DC, Transportation Research Board. 
Pegrum, B. V.; Lloyd, E. R. & Willett, P. (1972). Experience with priority roads in the Perth 
metropolitan area. ARRB Proceedings, 6, 2, 363-383. Vermont South, Victoria, Australian 
Road Research Board. 
Persaud, B.; Hauer, E.; Retting, R.; Vallurupalli, R. & Mucsi, K. (1997). Crash reductions related to 
traffic signal removal in Philadelphia. Accident Analysis and Prevention, 29, 803-810. 
Polus, A. (1985). Driver behaviour and accident records at unsignalized urban intersections. Accident 
Analysis and Prevention, 17, 25-32. 
Polus, A. & Katz, A. (1978). An analysis of nighttime pedestrian accidents at specially illuminated 
crosswalks. Accident Analysis and Prevention, 10, 223-228 
Rosenbaum, M. J. (1983). A Review of Research Related to the Safety of STOP Versus YIELD Sign 
Traffic Control. Public Roads, 47, 3, 77-83. 
Rutherford, G. S., McLaughlin, R. L. & VonBorstel, E. (1985). Traffic Circles for Residential 
Intersection Control: A Comparison with Yield Signs Based on Seattle's Experience. 
Transportation Research Record 1010, 65-68. 
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Statens Vägverk (1981). Olycksreducerande åtgärder i tätort. En føre/efter studie. PP-meddelande 
19. Borlänge, Statens vägverk, Sektionen för planeringsunderlag 
Trafiksäkerhetsverket (1988). Två- och fyrvägsstopp. Del 2. Fortsatta försök i Malmö. Borlänge, 
Trafiksäkerhetsverket, Trafikbyrån, PM 1988:2. 
 
Vaa, T. & Johannessen, S. (1978). Ulykkesfrekvenser i kryss. En landsomfattende under-søkelse av 
ulykkesforholdene i 803 kryss i perioden januar 1970 - juni 1976. Oppdragsrapport 22. 
Trondheim, Norges Tekniske Høgskole, Forsknings-gruppen, Institutt for 
samferdselsteknikk 
Vodahl, S. B.; Johannessen, S. (1977). Ulykkesfrekvenser i kryss. Arbeidsnotat nr 7.  Resultater av 
før/etterundersøkelsen. Oppdragsrapport 178. Trondheim, Norges Tekniske Høgskole, 
Forskningsgruppen, Institutt for samferdselsteknikk. 
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Matched Comparisons, Case Study of Stop-Sign In-Fill Program. Transportation Research 
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3.2.3 References on further background information 
Elvik, R., Høye, A., Vaa, T., Sørensen, M. (2009). The Handbook of Road Safety Measures. Second 
edition. Emerald Group. Bingley 
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1 Summary 
 
 
Tim De Ceunynck, Nathalie Focant ; Belgian Road Safety Institute (July 2017) 
 
COLOUR CODE 
Grey: The safety impact of marked crosswalks remains somewhat unclear, especially the impact on 
pedestrian crash rate. Some studies find no significant effects of marked crosswalks on the number 
of crashes, while some find significant increases in the number of crashes at some locations or for 
some groups of road users. However, a significant reduction in crash severity is consistently found in 
literature. 
 
ABSTRACT 
 
Providing marked crosswalks is aimed at making it easier and safer for pedestrians to cross the road. 
However, there are conflicting studies regarding the safety effects of marked crosswalks. The 
literature remains inconclusive on the safety effects of marked crosswalks.  
 
The identified studies found no reduction in the number of crashes resulting from the installation of 
marked crosswalks. Two studies found no significant effect of marked crosswalks on the number of 
crashes. A study found no significant effect of marked crosswalks on pedestrian crash rate for roads 
with relatively low traffic volumes, but a significant increase in pedestrian crash rate for high-volume 
roads with more than 1 lane in each direction was found. Another study found an increase in the 
number of crashes between motor vehicles and older pedestrians.  
 
A number of studies looked into the severity of crashes at marked crosswalks and consistently found 
that the injury severity is significantly lower in crashes at crosswalks. 
 
Most results refer to crosswalks at junctions, only few refer to crashes at mid-block crosswalks. The 
differences in results (especially regarding the effect on crash rate) limits the transferability of results. 
 
KEYWORDS  
Marked crosswalks, pedestrian crossings, zebra crossing, traffic control, road markings, pedestrian 
crashes 
 
 
1.1 BACKGROUND 
1.1.1 Rationale  
 
A substantial number of traffic fatalities, especially pedestrians, are killed when crossing roads at 
unsignalised crossings. Providing marked crosswalks is aimed at making it easier and safer for 
pedestrians to cross the road. Marked crosswalks are places designated for pedestrians to cross a 
road. Crosswalks can be marked with paint, thermoplastic materials or plastic tape, among other 
materials. Marked crosswalks generally assist, and usually prioritise pedestrians, depending on the 
locality.  
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There have, however, been some conflicting studies and the often assumed safety benefits of 
providing marked crosswalks are somewhat contested (Zegeer et al., 2004). This synopsis aims to 
provide an overview of the available literature on the safety effects of providing marked crosswalks 
at unsignalised crossings. It should be noted that marked crosswalks at signalized intersections as well 
as special designs of marked crosswalks (e.g. raised marked crosswalks) are beyond the scope of this 
synopsis.  
 
1.1.2 Description of the main research methods 
 
A total of seven relevant papers that assess the road safety effects of marked crosswalks has been 
analysed. No published meta-analysis was identified. Two categories of studies can be distinguished: 
studies that measure the effects of marked crosswalks on crash frequency, and studies that measure 
the effects on outcome severity of a crash. All studies correct for a number of confounding factors, 
such as traffic, environment, geometric, vehicle and/or person characteristics. Four of the studies 
apply an observational design, the others apply a cross-sectional design, a matched design and a case-
control design. 
 
1.2 OVERVIEW OF RESULTS 
 
The findings of four studies that looked into the effects of marked crosswalks on the number of 
crashes show mixed results. A study by Chen et al. (2012) found no significant effects of marked 
crosswalks on pedestrian crashes nor on multiple vehicle crashes. Gårder (2004) found no significant 
effect of marked crosswalks on the number of pedestrian crashes either. Koepsell et al. (2004) 
investigated the effects of marked crosswalks on crashes involving an older pedestrian, and found 
that marked crosswalks led to an increase in this crash type. A study by Zegeer et al. (2004) found no 
significant effect of marked crosswalks on pedestrian crash rate on two-lane roads and on lower-
volume roads, but found a significant increase in pedestrian crash rate on higher-volume multi-lane 
roads.  
 
The findings of three studies about the influence of marked crosswalks on crash outcome severity on 
the other hand are quite consistent. A study by Haleem et al. (2015) found that marked crosswalks at 
unsignalised intersections were associated with a significant reduction in pedestrian severe injuries. 
Pour-Rouholamin et al. (2016) also found that pedestrians that were involved in crashes at marked 
crosswalks had a significantly lower probability of incurring severe injuries than pedestrians involved 
in crashes elsewhere. Pfortmueller et al. (2014) found that crashes that took place at marked 
crosswalks were associated with a significantly lower probability of severe injury, of pedestrian 
admittance to the hospital and of in-hospital mortality. The effect on the length of stay was however 
not statistically significant. 
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2 Scientific overview 
 
 
2.1 ANALYSIS OF STUDY DESIGN AND METHODS 
 
Seven relevant papers of sufficient quality that assess the road safety effects of marked crosswalks 
have been identified from literature. However, no published meta-analysis was identified. The studies 
have very different designs. The identified studies can be split in two categories: studies that measure 
the effects of marked crosswalks on the crash frequency, and studies that measure the effects of 
marked crosswalks on the outcome severity of a crash. All studies correct for a number of confounding 
factors, such as traffic, environment, geometric, vehicle and/or person characteristics.  
 
Four studies are identified that measured the effects of marked crosswalks on crash frequency. The 
studies by Chen et al. (2012) and Gårder et al. (2004) applied an observational study design, the study 
by Zegeer et al. (2004) applied a matched before and after study design, and the study by Koepsell et 
al. (2002) applied a case-control design. The study by Chen et al. (2012) investigated the effects of 
marked crosswalks on the number of pedestrian crashes and the number of multi vehicle crashes. The 
study by Gårder et al. (2004) looked at the number of pedestrian crashes, Koepsell et al. (2002) looked 
at pedestrian crashes involving an older pedestrian, and Zegeer et al. (2004) investigated the effects 
on the number of pedestrian crashes per million crossings (pedestrian crash rate).   
 
Three of the identified studies looked at the effects of marked crosswalks on the severity of crashes. 
The units of study are individual crashes, not individual locations. Haleem et al. (2015) and Pour-
Rouholamin et al. (2016) applied an observational study design, Pfortmueller et al. (2014) applied a 
cross-sectional design. The severity of the pedestrians’ injuries (operationalized in slightly different 
ways) are the outcome indicators.  
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Table 1: Information on sample and design of coded studies. 
Author(s), year, 
country  
Measure description 
and sample 
Study design Types of sites included Outcome indicators 
CRASH FREQUENCY 
Li Chen, Cynthia 
Chen, & Reid Ewing, 
2012, United States 
- Effects of 
implementing 
marked crosswalks 
- 72 treatment sites, 
1099 comparison 
sites 
- Observational study  
- negative binomial 
model 
- 5 years before 
period; 2 years after 
period 
- New York City 
- Intersections  
- Mostly installed on 
intersections of long 
corridors such as 
Fulton Street and Park 
Avenue 
- Various layout of 
infrastructure 
- Number of 
pedestrian crashes 
- Number of multi 
vehicle crashes 
Per E. Gårder, 2004, 
United States 
- Effects of 
implementing 
marked crosswalks 
- 122 sites in total 
- Observational study 
- Number of crashes 
compared to 
expected numbers 
based on models 
from Sweden and UK 
- State of Maine 
- Intersections 
- Locations in varying 
environments and with 
varying characteristics 
- Number of 
pedestrian crashes 
Thomas Koepsell, 
Lon McCloskey, 
Marsha Wolf, Anne 
Vernez Moudon, 
David Buchner, Jess 
Kraus, Matthew 
Patterson, 2002, 
United States 
- 282 case sites; 564 
control sites 
- Effects of presence of 
marked crosswalk in 
the crash on risk of 
crash involving older 
pedestrian 
- Case-control in 
which the units of 
study were crossing 
locations 
- Locations in six cities 
in Washington and 
California 
- Intersections 
- Conditional logistic 
regression 
- Various confounding 
factors accounted for 
through the case-
control design 
- Relative risk of 
pedestrian – motor 
vehicle crash 
involving an older 
pedestrian 
Charles V. Zegeer, 
Carol Tan Esse, J. 
Richard Stewart, 
Herman F Huang, & 
Peter Lagerwey, 
2004, United States 
- 1,000 marked 
crosswalk sites and 
1,000 matched 
unmarked sites 
- Matched before and 
after study design 
- 30 major cities across 
the U.S. 
- Intersections and 
midblock crossings 
- Various confounding 
factors accounted for 
through the matched 
design 
- Pedestrian crash 
rate (number of 
pedestrian crashes 
per million 
crossings) 
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Table 1 (continued): Information on sample and design of coded studies. 
 
Author(s), year, 
country  
Measure description 
and sample 
Study design Types of sites included Outcome indicators 
OUTCOME SEVERITY  
Kirolos Haleem, 
Priyanka Alluri, 
Albert Gan, 2015, 
United States  
- Effects of marked 
crosswalks on crash 
outcome severity 
- 678 pedestrian 
crashes at 
unsignalised 
intersections 
- Observational study 
- Mixed logit model 
that accounts for the 
influence of 
unobserved factors  
- State of Florida 
- Intersections  
- Various characteristics  
of crash locations 
- Various traffic, 
environment, 
geometric, vehicle and 
person characteristics 
are accounted for 
- Injury severity 
(Severe or non-
severe injury)  
Carmen A. 
Pfortmueller, 
Mariana Marti, 
Mirco Kunz, Gregor 
Lindner, 
Aristomenis K. 
Exadaktylos, 2014, 
Switzerland 
- 347 patients aged 
≥16 years 
- Effects of presence of 
marked crosswalk in 
the crash on crash 
outcome severity 
- Cross-sectional study 
- Use of patient data 
from a hospital’s 
emergency 
department 
- Hospital in Bern 
- Crashes at 
intersections as well as 
at midblock crossings 
- Various characteristics 
of crash locations 
- Includes signalized as 
well as unsignalised 
marked crosswalks 
- Various aspects such as 
gender and vehicle 
type are accounted for 
- Injury severity, 
(value of >15 on 
Injury Severity 
Score or not) 
- Hospital 
admittance or not 
- Length of stay in 
hospital 
- In-hospital 
mortalitiy (did the 
patient die in-
hospital or not) 
Mahdi Pour-
Rouholamin, 
Huaguo Zhou, 2016, 
United States 
- 14,538 pedestrian-
vehicle crashes  
- Effects of presence of 
marked crosswalk in 
the crash on crash 
outcome severity 
- Observational study 
- Ordered-response 
model 
- Illinois 
- Probably only 
intersections (but not 
fully clear from paper) 
- Various pedestrian, 
driver, environmental 
and vehicle vairables 
are accounted for  
- Traffic volumes are not 
accounted for 
- Probability of 
severe pedestrian 
injury 
 
2.2 OVERVIEW OF STUDY RESULTS 
 
Seven key studies investigating the effects of marked crosswalks on road safety have been identified, 
coded, analysed and summarized. Four of these studies looked into the effects on the crash 
frequency, and three investigated the effect on crash outcome severity. Given the heterogeneity of 
the applied research methods, a review-type analysis was conducted for the main effects of each of 
the coded studies.  Table 2 presents a summary of the key findings of each study.  
 
2.2.1 Effects of marked crosswalks on crash frequency 
A study by Chen et al. (2012) investigated the effects of marked crosswalks on two types of crashes; 
pedestrian crashes and multiple vehicle crashes. Both estimates were not statistically significant. 
Gårder (2004) found no significant effect of marked crosswalks on the number of pedestrian crashes 
either.  
 
Koepsell et al. (2002) investigated the effects of marked crosswalks on older pedestrian crashes. They 
found a statistically significant 3.6-fold higher risk of pedestrian – motor vehicle crashes involving an 
older pedestrian at marked crosswalks. The results of the study therefore suggest that, contrary to 
the good intentions of traffic engineers, marked crosswalks alone have a negative impact on the 
safety of older pedestrians.  
 SafetyCube | Synopsis on Road markings – Implementation of marked crosswalk 
The study by Zegeer et al. (2004) looked into the effect of marked crosswalks on crashes, 
distinguishing between locations with various combinations of average daily traffic (ADT), number of 
lanes and whether a raised median was present or not, compared to matched sites without marked 
crosswalks. Three of these combinations were not statistically significantly related to pedestrian crash 
rate, while three of the combinations were associated with a significant negative effect. It seems that 
on two-lane roads and lower-volume multi-lane roads, there is no significant effect of the presence of 
marked crosswalks on the pedestrian crash rate. However, on higher-volume multi-lane roads, 
pedestrian crash rate increases significantly.  
 
2.2.2 Effects of marked crosswalks on crash outcome severity     
 
A study by Haleem et al. (2015) found that marked crosswalks at unsignalised intersections were 
associated with a statistically significant 1.36% reduction in pedestrian severe injuries. Pour-
Rouholamin et al. (2016) found that pedestrians that were involved in crashes at marked crosswalks 
had a significantly lower probability (-12.3%) of incurring severe injuries than pedestrians that were 
involved in crashes elsewhere.   
 
Pfortmueller et al. (2014) investigated the influence of marked crosswalks on four indicators of 
outcome severity. They found that crashes that took place at marked crosswalks were associated with 
a significantly lower probability of severe injury (value of >15 on the Injury Severity Score), of being 
admitted to the hospital and of in-hospital mortality than crashes that took place at unmarked 
crosswalks. The effect on the length of stay in hospital was not statistically significant.  
 
A limitation of the study by Pfortmueller et al. (2014) for the purpose of this overview is, however, that 
it includes both uncontrolled and controlled (e.g. signalized) crosswalks, which can likely have affect 
the results. It is therefore uncertain whether (part of) this reduction in injury severity is in fact due to 
the presence of marked crosswalks alone.  
 
2.3 TRANSFERABILITY 
 
The studies’ sample sizes (be it the number of included locations or the number of included crashes) 
generally seem sufficiently high to warrant robust research findings. There is, however, quite some 
heterogeneity in the applied research methods as well as the found results (especially regarding the 
impact on the number of crashes).  
 
It is important to note, however, that all but one studies took place in the United States. 
Transferability to locations in Europe therefore remains uncertain. 
 
In addition, it should be mentioned that the majority of studies focused on crossings at intersections; 
only Zegeer et al. (2004) and Pfortmueller et al. (2014) included midblock crossing sites resp. crashes 
at midblock crossings into  account as well. The effects of marked crosswalks at midblock locations 
therefore remains uncertain. 
 
It is important to mention that these studies are no controlled experiments. Despite the fact that all 
studies try to control for several relevant confounding factors, confounding by other unmeasured site 
characteristics cannot be ruled out. 
 
It should also be kept in mind that the presented study findings relate to providing marked crosswalks 
alone. Findings could be different when marked crosswalks are provided in combination with other 
substantial improvements to the crossings.   
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Table 2: Summary of study results.  
Authors Dependant / outcome 
type 
Further specification of sites 
or measure 
Impact on 
road safety 
CRASH FREQUENCY 
Li Chen, Cynthia Chen, & Reid Ewing, 2012, United 
States 
Pedestrian crashes Marked crosswalk vs. no 
crosswalk 
/ 
Multiple vehicle crashes / 
Per E. Gårder, 2004, United States Pedestrian crashes Marked crosswalk vs. mixture of 
crossings elsewhere 
/ 
Thomas Koepsell, Lon McCloskey, Marsha Wolf, Anne 
Vernez Moudon, David Buchner, Jess Kraus, Matthew 
Patterson, 2002, United States 
Older pedestrian crashes Marked crosswalk vs. no 
crosswalk 
↘ 
Charles V. Zegeer, Carol Tan Esse, J. Richard Stewart, 
Herman F Huang, & Peter Lagerwey, 2004, United 
States 
Pedestrian crash rate 
(number of pedestrian 
crashes per million 
crossings) 
All ADTs; 1 lane per direction; 
no raised median 
/ 
≤12,000 ADT (average daily 
traffic); 2-4 lanes per direction; 
no raised median 
/ 
12,000-15,000 ADT; 2-4 lanes 
per direction; no raised median 
↘ 
>15,000ADT; 2-4 lanes per 
direction; no raised median 
↘ 
≤15,000 ADT; 2-4 lanes per 
direction; raised median 
/ 
>15,000 ADT; 2-4 lanes per 
direction; raised median 
↘ 
OUTCOME SEVERITY 
Kirolos Haleem, Priyanka Alluri, Albert Gan, 2015, 
United States  
Injury severity (severe or 
non-severe injury) 
Marked crosswalk vs. no 
crosswalk 
↗ 
Carmen A. Pfortmueller, Mariana Marti, Mirco Kunz, 
Gregor Lindner, Aristomenis K. Exadaktylos, 2014, 
Switzerland 
Injury severity (severe or 
non-severe injury) 
Marked crosswalk vs. no 
crosswalk 
↗ 
Hospital admittance or 
not  
↗ 
Length of stay in hospital / 
In-hospital mortalitiy (did 
the patient die in-hospital 
or not) 
↗ 
Mahdi Pour-Rouholamin, Huaguo Zhou, 2016, United 
States 
Probability of severe 
injury  
Marked crosswalk vs. no 
crosswalk 
↗ 
 
2.4 CONCLUSION  
 
In conclusion, no evidence was found that providing marked crosswalks reduce the number of crashes. 
Two studies found no statistically significant effect on crashes. One study found a significant increase 
in the number of crashes involving an older pedestrian, and another study found an increase in the 
number of crashes at higher-volume multi-lane roads. So in general, these findings suggest that 
marked crosswalks are unlikely to reduce the number of pedestrian crashes, and could even lead to 
an increase in the number of crashes for some road users or at some types of locations. 
 
On the other hand, studies that look into the effect of providing marked crosswalks on crash outcome 
severity consistently find that crashes that take place at marked crosswalks are less likely to lead to 
severe injuries.   
 
Transferability of the results is quite uncertain because of the heterogeneity in the applied research 
methods and findings and because of the fact that the majority of studies took place in the United 
States. 
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3 Supporting document 
 
 
3.1 METHODOLOGY 
3.1.1 Literature search strategy  
Principles 
 
Implementation of 
- Marked crosswalk 
- Marked pedestrian crossings 
 
Excluded : 
- Influence of different countermeasures (sign, markings, countsown timer, lighting, etc.)  to 
improve safety of existing crossings [among other Advance yield marking] 
- Factors influencing safety of crosssings, Effect of safety improvement of existing crossings 
- Guideline for implementation 
- Efficiency of the different types of infrastructure of crossings 
- Audit procedure/recommandations of crossings 
- Railway pedestrian crossings 
 
Included:  
- Removal of crossing 
 
Research terms and hits  
Database: ScienceDirect   Date: 1st February 2017 
 
Limitations/ Exclusions: 
• Search field: TITLE or KEY 
• Published: 1990 to current 
• Document Type: ALL 
 
search no. search terms / operators / combined queries hits 
#1 TITLE(marking* or marked or implement*) and TITLE(crossing* or crosswalk* or 
pedestrian*). 
23 
#2 KEYWORDS(marking* or marked or implement*) and KEYWORDS(crossing* or crosswalk* 
or pedestrian*). 
13 
 
Database: Scopus Date: 8th February 2017 
 
Limitations/ Exclusions: 
• Search field: Title 
• Published: 1990 to current 
• Document Type: ALL 
• Subject Area: ALL 
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search 
no. 
search terms / operators / combined queries hits 
#1 ( TITLE-ABS-KEY ( ( "Pavement markings"  OR  "road markings"  OR  "line markings"  OR  
"marked crosswalk" ) )  AND  TITLE-ABS-KEY ( ( improv*  OR  enhanc*  OR  repaint*  OR  
treatment*  OR  implementat*  OR  install*  OR  remov* ) )  AND NOT  TITLE-ABS-KEY ( 
scanner )  AND NOT  TITLE-ABS-KEY ( laser )  AND NOT  TITLE-ABS-KEY ( lighting )  AND NOT  
TITLE-ABS-KEY ( detection )  AND NOT  TITLE-ABS-KEY ( automat* )  AND NOT  TITLE-ABS-
KEY ( beacon )  AND NOT  TITLE-ABS-KEY ( material ) )  AND  PUBYEAR  >  1989   
151 
 
Database: TRID   Date: 1st February 2017 
 
Limitations/ Exclusions: 
• Published: 1990 to 2017 
• Document source : ALL, Document Type: ALL, Subject area : ALL 
• Language: English and French  
 
search 
no. 
search terms / operators / combined queries hits 
Not 
selected 
(marking* or marked or implement*) and (crossing* or crosswalk* or pedestrian*) 5030 
#1 implement* and ("pedestrian crossing*" or crosswalk*) 321 
#2 "marked predestrian crossing*" or "marked crosswalk*" 90 
 
Results Literature Search 
 
Database Hits 
ScienceDirect 39 
Scopus  151 
TRID 411 
Total number of studies to screen title 601 
 
Screening 
Total number of studies to screen title (in order to evaluate 
the relevance to the topic) 
601 
Number of articles remaining after screening of the title (and 
of the abstract, if neded) 
[Duplicates excluded] 
 
22 
Added papers from the reference list of (some of the selected) 
papers 
6 
Additional references added later from reference list of 
Hesjevoll & Høye (2017) 
6 
Total number studies to screen full-text 34 
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Table 3 – Justification in-/exclusion of identified references (reasons for exclusion highlighted in red). 
Authors Title Year Source Country 
Full 
text? 
Relevant? 
Effects on 
crashes? 
Codable? Include? 
Chen, L., Chen, C., & Ewing, R. The Relative Effectiveness of Pedestrian Safety 
Countermeasures at Urban Intersections — 
Lessons from a New York City Experience 
2012 Transportation Research Board 91std Annual 
Meeting, Transportation Research Board 
USA Yes Yes Yes Yes Yes 
Gårder, P. E. The impact of speed and other variables on 
pedestrian safety in Maine 
2004 Accident Analysis and Prevention 36, pp 533–542 USA Yes Yes Yes Yes Yes 
Pfortmueller, C.A., Marti, M., Kunz, 
M., Lindner, G., Exadaktylos, A.K. 
Injury Severity and Mortality of Adult Zebra 
Crosswalk and Non-Zebra Crosswalk Road 
Crossing Accidents: A Cross-Sectional Analysis 
2014 PLoS ONE 9(3): e90835 Switzerland Yes Yes Yes Yes Yes 
Pour-Rouholamin & Zhou Investigating the risk factors associated with 
pedestrian injury severityin Illinois 
2014 Journal of Safety Research 57, pp 9–17 USA Yes Yes Yes Yes Yes 
Haleem, K., Alluri, P., Gan, A. Analyzing pedestrian crash injury severity at 
signalized and non-signalized locations 
2015 Accident Analysis and Prevention 81, pp 14–23 USA Yes Yes Yes Yes Yes 
Clifton, K.J., Burnier, C. V., Akar, G. Severity of injury resulting from pedestrian-
vehicle crashes: What can we learn from 
examining the built environment? 
2009 Transportation research part D: transport and 
environment, 14(6), 425-436 
USA Yes No   No 
Havard C., Willis A. Effects of installing a marked crosswalk on road 
crossing behaviour and perceptions of the 
environment 
2012 Transportation Research Part F: Traffic Psychology 
and Behaviour, Volume 15, Issue 3, May 2012, Pages 
249-260, ISSN 1369-8478, 
UK Yes Yes No  No 
Mitman, Meghan Fehlig; Ragland, 
David R; Zegeer, Charles V  
+ 
Ragland, D. and Mitman, M 
Marked-Crosswalk Dilemma: Uncovering Some 
Missing Links in a 35-Year Debate. 
+ 
Driver/pedestrian understanding and behavior at 
marked and unmarked crosswalks 
2008 
+  
2008 
Transportation Research Record: Journal of the 
Transportation Research Board, Issue 2073, 2008, pp 
86-93 
+ 
Safe Transportation Research & Education Center, 
Institute of Transportation Studies, Berkeley. 
Global/USA Yes Yes No  No 
Chi, Delia  Safety Effectiveness from a Behavioral 
Perspective of Marked vs. Unmarked Crosswalks 
at Unsignalized Intersections 
2007 Field Area Paper Master of Urban and Regional 
Planning, 2007 
USA Yes Yes No  No 
Zegeer, Charles V; Stewart, J 
Richard; Huang, Herman H; 
Lagerwey, Peter A; Feaganes, 
John; Campbell, B J.  
+ 
Zegeer, C V; Tan Esse, C; Stewart, J 
R; Huang, H F; Lagerwey, P. 
+ 
Zegeer, C V; Stewart, J R; Huang, H 
H; Lagerwey, P A. 
Safety Effects of Marked versus Unmarked 
Crosswalks at Uncontrolled Locations: Final 
Report and Recommended Guidelines.  
+ 
 SAFETY ANALYSIS OF MARKED VERSUS 
UNMARKED CROSSWALKS IN 30 CITIES  
+ 
SAFETY EFFECTS OF MARKED VS. UNMARKED 
CROSSWALKS AT UNCONTROLLED 
LOCATIONS: EXECUTIVE SUMMARY AND 
RECOMMENDED GUIDELINES.   
2005 
+ 
2004 
+ 
2002 
University of North Carolina, Chapel Hill; Federal 
Highway Administration, 2005, 112p 
+ 
ITE Journal, Institute of Transportation Engineers 
(ITE), Volume 74, Issue 1, 2004, p. 34-41 
+ 
University of North Carolina, Chapel Hill; Federal 
Highway Administration, 2002, 35 p. 
USA Yes Yes Yes Yes Yes (ITE 
journal 
paper 
selected) 
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Authors Title Year Source Country 
Full 
text? 
Relevant? 
Effects on 
crashes? 
Codable? Include? 
Koepsell T, McCloskey L, Wolf M, 
Moudon AV, Buchner D, Kraus J, 
Patterson M. 
Crosswalk Markings and the Risk of Pedestrian-
Motor Vehicle Collisions in Older Pedestrian 
2002 JAMA. 2002 Nov 6;288(17):2136-43.  USA Yes Yes Yes Yes Yes 
Knoblauch, R L THE EFFECT OF CROSSWALK MARKINGS ON 
VEHICLE SPEEDS IN MARYLAND, VIRGINIA, 
AND ARIZONA 
2000 REPORT NO. FHWA-RD-00-101 August 2000 USA Yes Yes No  No 
Mitman M.F., Cooper D., 
DuBose B., Pande S. 
Driver-Pedestrian Behavior at Marked and 
Unmarked Crosswalks in the Tahoe Basin 
2010 (2010) California PATH Research Report  UCB-ITS-
PRR-2010-18 
+ TRB paper 
USA Yes Yes No  No 
Knoblauch, R L; Nitzburg, M; 
Seifert, R F.  
PEDESTRIAN CROSSWALK CASE STUDIES: 
SACRAMENTO, CALIFORNIA; RICHMOND, 
VIRGINIA; BUFFALO, NEW YORK; STILLWATER, 
MINNESOTA.   
2001 Center for Applied Research, Incorporated; Federal 
Highway Administration, 2001, 52 p. 
USA Yes Yes No  No 
Jones T.L., Tomcheck P. Pedestrian accidents in marked and unmarked 
crosswalks: A quantitative study 
2000 ITE JOURNAL / SEPTEMBER 2000,  USA Yes No (quality 
issue: 
exposure 
not taken 
into 
account) 
  No 
Gitelman V., Carmel R., Pesahov F., 
Hakkert S. 
An examination of the influence of crosswalk 
marking removal on pedestrian safety as 
reflected in road user behaviours 
2016 Transportation Research Part F: Traffic Psychology 
and Behaviour, Available online 2 June 2016, ISSN 
1369-8478, http://dx.doi.org/10.1016/j.trf.2016.03.007. 
Israël Yes Yes No  No 
 
Zhao, Yue; Tian, Zong Z; 
Hernandez, Anabel.  
A Multi-Criteria-Based Guideline for Marked and 
Unmarked Pedestrian Crosswalks at 
Unsignalized Intersections. 
2013 Transportation Research Board 92nd Annual Meeting, 
Transportation Research Board, 2013, 17p 
USA Yes No 
(Guideline 
for 
implement
ation) 
  No 
Elvik R., Vaa T. , Hoye A., Sorensen 
M. 
Chapter “Signalised Pedestrian Crossings” 2009 The Handbook of Road Safety Measures – Second 
edition, 2009 
+ Norwegian (online) version (update of the Meta-
analyse) 
Various Yes No (only 
signalized 
crossings) 
  No 
 
Chu, Xuehao; Lin, Pei-Sung; 
Kourtellis, Achilleas.  
+ 
Chu, Xuehao; Guttenplan, Martin; 
Kourtellis, Achilleas. 
Safety Effects and Guideline Development for 
Uncontrolled Midblock Crosswalks. 
+ 
Considering Usage and Safety Effects in 
Guidelines for Uncontrolled Midblock 
Crosswalks. 
2008 
+ 
2007 
ITE 2008 Technical Conference and Exhibit, Institute 
of Transportation Engineers (ITE); Federal Highway 
Administration, 2008, 18p 
+ 
Transportation Research Board 86th Annual Meeting, 
Transportation Research Board, 2007, 22p 
USA Yes No 
(Guideline 
for 
implement
ation) 
  No 
Runge J.W., Cole T.B. Crosswalk markings and motor vehicle collisions 
involving older pedestrians 
2002 Journal of the American Medical Association, Volume 
288, Issue 17, pp. 2172- 2174 
USA Yes No (no full 
study but 
published 
  No 
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Authors Title Year Source Country 
Full 
text? 
Relevant? 
Effects on 
crashes? 
Codable? Include? 
comment 
on other 
paper) 
Cafiso, Salvatore; Garcia, Alfredo; 
Cavarra, Rosario.  
Before-and-After Study of Crosswalks Using 
Pedestrian Risk Index. 
2011 Transportation Research Board 90th Annual Meeting, 
Transportation Research Board, 2011, 14p 
Europe, 
Spain 
No    No 
Chi, Delia; Dill, Jennifer; Monsere, 
Christopher M.  
Observational Evaluation of Safety Effectiveness 
of Marked and Unmarked Crosswalks at 
Unsignalized Intersections. 
2009 Transportation Research Board 88th Annual Meeting, 
Transportation Research Board, 2009, 11p 
USA No    No 
Zegeer [Describes a study by 
pedestrian safety expert Charles 
Zegeer] 
When Crosswalks Work - and When They Don't. 2006 Traffic Safety Center Newsletter, Volume 3, Issue 2, 
2006 
USA No    No 
Miller, R E.  HOW SAFE ARE UNMARKED CROSSWALKS. 2003 Institute of Transportation Engineers 2003 Annual 
Meeting and Exhibit (held in conjunction with ITE 
District 6 Annual Meeting), Institute of Transportation 
Engineers (ITE), 2003, 10p 
USA No    No 
Zegeer, C V; Esse, C T; Stewart, J R; 
Huang, H H; Lagerwey, P. 
SAFETY ANALYSIS OF MARKED VS 
UNMARKED CROSSWALKS IN 30 CITIES 
2003 Institute of Transportation Engineers (ITE) 2003 
Technical Conference and Exhibit, Institute of 
Transportation Engineers (ITE), 2003, 19p 
USA No    No 
Zegeer, C V; Tan Esse, C H; 
Stewart, J R; Huang, H H; 
Lagerwey, P. 
SAFETY EFFECTS OF MARKED VS. UNMARKED 
CROSSWALKS AT UNCONTROLLED 
LOCATIONS: RESULTS FROM 30 CITIES 
2003 2nd Urban Street Symposium: Uptown, Downtown, 
or Small Town: Designing Urban Streets That Work, 
Transportation Research Board, 2003, 14p 
USA No    No 
Todd K., Jacobsen P. Safety effects of marked versus unmarked 
crosswalks at uncontrolled locations: Analysis of 
pedestrian crashes in 30 cities - Discussion 
2001 Transportation Research Record, Volume 1773, pp. 64-
68 
USA No    No 
Zegeer, C V; Stewart, J R; Huang, 
H; Lagerwey, P.  
SAFETY EFFECTS OF MARKED VERSUS 
UNMARKED CROSSWALKS AT 
UNCONTROLLED LOCATIONS: ANALYSIS OF 
PEDESTRIAN CRASHES IN 30 CITIES (WITH 
DISCUSSION AND CLOSURE). 
2001 Transportation Research Record, Transportation 
Research Board, Issue 1773, 2001, p. 56-68 
USA No    No 
Miller, R.  MARKED AND UNMARKED CROSSWALK 
SAFETY ISSUES. 
2000 Compendium of Papers. Institute of Transportation 
Engineers 2000 District Annual Meeting, Institute of 
Transportation Engineers (ITE), 2000, 5p 
USA No    No 
Campbell, B.J.,  
 
Marked Crosswalks and Safety 1997 University of North Carolina Highway Safety Research 
Center, 1997 
? No    No 
Gibby, A R; Stites, J L; Thurgood, G 
S; Ferrara, T C.  
EVALUATION OF MARKED AND UNMARKED 
CROSSWALKS AT INTERSECTIONS IN 
CALIFORNIA. FINAL REPORT.   
1994 California Department of Transportation; Federal 
Highway Administration, 1994, 71 p. 
USA No    No 
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3.2 FULL LIST OF CODED STUDIES 
Chen, L., Chen, C., & Ewing, R. (2012). The Relative Effectiveness of Pedestrian Safety 
Countermeasures at Urban Intersections - Lessons from a New York City Experience. In 
Proceedings of the 91st Annual Meeting of the Transportation Research Board. Washington 
D.C., USA. 
Gårder, P. E. (2004). The impact of speed and other variables on pedestrian safety in Maine. Accident 
Analysis & Prevention, 36(4), 533–542. https://doi.org/10.1016/S0001-4575(03)00059-9 
Haleem, K., Alluri, P., & Gan, A. (2015). Analyzing pedestrian crash injury severity at signalized and 
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Pour-Rouholamin, M., & Zhou, H. (2016). Investigating the risk factors associated with pedestrian 
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3.3 EXTRA REFERENCES IN SYNOPSIS 
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fotgjengere [in Norwegian] (Vol. Handbook of Road Safety Measures-Norwegian (online) 
version). 
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1 SUMMARY 
1.1 Colour code: Light Green 
Explanation:  
On a basis of both study and effect numbers, it can be argued that traffic signal installation 
measures have a mostly positive effect on road safety. Results consistently show that the 
examined measure does efficiently change road safety levels in most cases. This leads to 
the assignment of the Light Green colour code for traffic signal installation.  
1.2 Keywords 
Traffic signals, signal installation; junction treatments 
1.3 Abstract 
Traffic signal installation is a measure regarding the implementation of a pedestrian signal 
phase or improved traffic signal timing, and belong to the group of junction treatments. Six 
high quality studies which included two meta-analyses were coded. The two meta-analyses 
included in the group of studies encompass the benefit of several other studies; their results 
also show significant benefits on a road safety basis (traffic signal installation was found to 
reduce total collisions by 29% in the first meta-analysis and the implementation of left-turn 
phase was found to reduce turning or crossing crashes by 15%). Overall, crash occurrence 
and severity are mitigated, and only one specific crash type appears more frequent (rear-
end crashes). On a basis of both study and effect numbers, it is evident that traffic signal 
installation measures have a mostly positive impact on road safety (only rear-end crashes 
increased after the installation). The positive effects do outnumber the negative ones by a 
considerable margin, and many outcomes are statistically significant. The results seem 
generally transferable with caution. 
1.4 Background 
1.4.1 Definition of traffic signal installation measures 
 
In order to facilitate transport, road signals are often utilised at junctions, especially in areas 
of high traffic volumes or with subpar visibility. This essentially entails changing the traffic 
conditions of the junction. Junctions that are not signalised or those that operate with 
traffic signs are reconfigured after relevant calculations, most frequently at a network level. 
Relevant traffic signal equipment is installed and connected, appropriate to the junction 
that is treated. For instance, there are specialised pedestrian traffic lights providing 
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countdown timers or separate arrangements for certain directions of movement (amber 
flashing lights that have yielding functions etc.). The whole process is monitored after the 
implementation and usually timing calibrations and reconfigurations follow, to ensure the 
network functions optimally. Red light cameras are also utilised, to monitor illegal and 
violating behaviour in their respective junctions.  
In general, traffic signal installation measures are considered and implemented because 
they utilise existing infrastructure with limited hardware changes and similarly little time is 
required for their realisation. The consequences of their installation should be studied at 
network level as they will affect other junctions and road segments nearby.  
1.4.2 How do traffic signal installation measures affect road safety? 
 
Traffic signal installation measures are intended to optimise the use of the junction space, 
allowing all road user groups to access the junction and cross towards their intended 
destinations. They aim to solve issues of priority control, especially in areas where two 
roads of comparable size meet, or in areas with limited visibility which could lead to crashes 
when drivers are not careful and large delays when they are. This is often achieved via the 
provision of a separate direction phase (for instance signalised left-turn implementation), 
which ensures safe access for the direction that is segregated. Of particular interest is the 
benefit to more vulnerable road users; pedestrians and cyclists can have dedicated phases 
to serve their directions more safely. Essentially, traffic signals aim to reduce crashes and 
conflicts as a first priority, and junction delays as a second. Red light cameras act as a 
deterrent, monitoring violating drivers.  
 
1.4.3 How is the effect of traffic signal installation measures studied? 
 
Traffic signals have been utilised for decades, and their effects are extensively studied and 
documented, though there have been varying approaches and sampling frames. A common 
practice for installation treatments is to identify a singular junction or network as a study 
area. Afterwards before-after measure approaches are implemented to capture the effect 
of traffic signal installation measures in influencing road safety levels, comparing the same 
areas with and without the presence of the measure. The parameters used for the estimates 
of benefits are crash numbers or conflict rates, which offer direct insights on road safety 
levels, and also injury comparison to determine whether crashes have lesser consequences 
(injury mitigation).  
1.5 Overview of results 
The effects of traffic signal installation measures on road safety appear to be mostly 
positive. There are several positive outcomes from the examined studies, some of them 
concerning crash and conflict reduction. The two meta-analyses that were examined (and 
which in turn include several other original studies) report a reduction of total collisions by 
29% when traffic lights are installed and a reduction of turning or road crossing crashes by 
15% when a left turn phase is implemented. The rest of the studies support those outcomes, 
which show overall crash reduction due to traffic signal installation, apart from the case of 
rear-end crashes.  
1.5.1 Transferability 
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Coded studies are based on data from Canada, Israel, Norway, Turkey and the United 
States; two of the studies are meta-analyses and therefore they encompass more countries 
and international data in their datasets. While this can be generally considered a good 
sample of countries, there is still room for representation of other areas of the globe, and a 
respective gap of knowledge, especially concerning less motorised regions. Most studies 
examined their respective study areas uniformly, investigating all crash types and road 
users as grouped. There are, however, instances of differentiation between rural and urban 
areas and crash types (crossing or turning into a road, left-turn and rear-end crashes). 
 
1.5.2 Notes on analysis methods  
 
While the methodology applied for capturing the impact of traffic signal installation 
measures is similar (before-after measure application approaches), the outputs are 
interpreted in various manners: Crash comparison is either provided directly (absolute or 
percentile difference), or in a more complex form (CMF or model coefficients). Outcomes 
are subjected to significance testing to determine the level of statistical significance of each 
parameter on road safety levels. There is some room for investigating different road user 
categories and/or other geographical regions. All aforementioned factors make the findings 
for traffic signal installation measures transferable with caution. 
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2 SCIENTIFIC OVERVIEW 
2.1 Analysis of study designs and methods  
After appropriate use of various search tools and databases, six (6) high quality studies were 
selected and coded for the measure of traffic signal installation, two of which were meta-
analyses encompassing several other relevant studies from the literature. The studies 
utilised before-and-after designs and investigated several parameters. Those parameters 
included direct variables, like crash number comparisons (Elvik et al., 2015a, Gitelman et al., 
2001, Persaud et al., 2005 and Sacchi et al., 2016) or comparisons between the odds of 
injury severity categories (Celik and Oktay, 2014). The meta-analysis studying the effect of 
left-turn phase implementation also investigated crash number variations (Elvik et al., 
2015b). 
The aforementioned parameters of crashes or injured users provide a very direct method of 
investigating effects on road safety, which has both the advantage of being direct and 
comprehensible but also the drawback of being quite simplistic, often ignoring network 
particularities which are best captured via crash rates distributed by network geometry (for 
instance taking into account vehicle-kilometres). These data would be more complex and 
harder to obtain and calculate, however. 
In order to examine the relationship between the various effects of traffic signal installation, 
the studies either deployed significance testing (for example t-testing, or p-value 
calculations, or standard error provision) or at least conducted basic descriptive statistical 
analyses. 
2.2 Literature Review  
The studies examined reported mostly positive results regarding outcomes of variables for 
road safety. The results of the meta-analyses are of particular importance. The first meta-
analysis (Elvik et al., 2015a) regarded traffic signal installation treatments via the 
examination of four original studies concerning several different accident types. Traffic 
signal installation was found to reduce total collisions by 29%, collisions with crossing 
vehicles by 74%, left-turn collisions by 60% while rear-end accidents were increased by 45%. 
As explained previously, the increase of rear-end accidents can be explained to a certain 
degree due to traffic signal installation. 
The second meta-analysis (Elvik et al., 2015b) concerned the implementation of left-turn 
phases, and investigated six original studies. Injury crashes caused by turning or crossing 
into a road were reported to be reduced by 15%, while all crashes were reported to have a 
similar reduction when turning left (14%). Other cases were not found to be statistically or 
quantitatively significant. 
Similarly, red-light camera systems investigated by Persaud et al. (2005) had an impact of 
reducing all right-angle crashes by 24.6%, which amounted to 15.7% when examining injury 
only crashes. On the other hand, rear-end crashes were found to have increased once again 
(14.9% in total, 24% for injury only accidents).  
On a similar note, Gitelman et al. (2001) found several significant reductions in injury 
crashes on urban and mixed areas (urban & rural), ranging from 20% to 21%. The odds ratio 
of injury crashes occurring varies, per the sample studied, from 0.697 to 0.792. Similarly, 
Celik and Oktay (2014) compared the odds ratio of different injury categories. Traffic light 
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installation mitigated crashes overall, making a crash about 4 times more likely to be 
injurious than fatal. 
Finally, Sacchi et al. (2016) investigated several sites and injury categories for traffic signal 
installation. They employed CMF calculations to complement direct crash comparisons; 
crashes with injuries or fatalities were found to be reduced by a CMF of 0.782 while overall 
crashes were reduced by a CMF of 0.840.  
 
Number 
Author(s); 
Year; Country; 
Sampling frame for signal 
installation studies 
Method for signal 
installation investigation 
Outcome 
indicator 
Main Result 
1 
Elvik, R., Høye, 
A.; 2015; 
Norway  
[meta-analysis] 
Summary of effects that 
can be expected from 
traffic signal installation 
from previous research. 
Crash comparison 
[Random effects meta-
analysis] 
Crash 
comparison 
[Percentage 
difference] 
 The total number of 
accidents is reduced by 29 % 
after installing traffic signals, 
many additional results. 
2 
Elvik, R., Høye, 
A.; 2015; 
Norway  
[meta-analysis] 
Summary of effects that 
can be expected for 
implementation of specific 
measures related to left 
turn phasefrom previous 
research. 
Crash comparison 
[Random effects meta-
analysis] 
Crash 
comparison 
[Percentage 
difference] 
Both a protected left-turn 
phase and a protected-
permissive left-turn phase 
have no effect when all 
crashes are considered. Both 
measures reduce person 
damage injuries in crashes 
that occur when turning left 
by 14-15%. 
3 
Celik, A. K., & 
Oktay, E.; 
2014; Turkey 
A retrospective cross-
sectional study is 
conducted analysing 
11,771 traffic accidents 
reported by the police in 
two provinces of Turkey. 
Comparison between 
injury type categories 
[Multinomial logit 
model] 
Injury 
category 
comparison 
[Odds ratio - 
Slope]  
The estimation results 
showed that some traffic 
control devices are not 
sufficiently able to decrease 
fatal injuries. 
4 
Gitelman, V., 
Hakkert, A. S., 
Doveh, E., & 
Cohen, A.; 
2001; Israel 
Data on road infrastructure 
and some 400 interurban 
and some 500 urban 
projects were recorded in 
the database from which 
more than 30 examples of 
treatment types evolved. 
Crash comparison 
[Before - after analyses] 
Injury crashes 
comparison 
[Odds ratio - 
Percentage 
difference] 
Significant injurious crash 
reductions were observed 
(20-21%). 
5 
Persaud, B., 
Council, F., 
Lyon, C., 
Eccles, K., & 
Griffith, M.; 
2005; United 
States  
Study methodology 
included collection of 
background information 
and specification of 
statistical methodology. 
Afterwards 132 sites with 
red light cameras in the US 
were examined. 
Crash comparison 
[Empirical Bayes and 
before - after analyses] 
Crash 
comparison 
[Percentage 
difference] 
Results showed a significant 
decrease in right-angle 
crashes but a significant 
increase in rear-end crashes. 
6 
Sacchi, E., 
Sayed, T., & El-
Basyouny, K.; 
2016; Canada 
The countermeasure 
analysed was the 
installation of traffic 
signals at unsignalised 
urban/suburban 
intersections in British 
Columbia 
Crash comparison [Full 
Bayes and before - after 
analyses] 
Crash 
comparison 
(annual and 
predicted) 
[Absolute & 
Percentage 
difference, 
CMF] 
Results showed that traffic 
signal treatments led to 
reductions of collision 
frequency. These reductions 
were more marked for severe 
than non-severe crashes. 
 
Table 1: Description of coded studies 
2.2.1 Limitations 
A few limitations can arguably be found in the current literature for the effects of traffic 
signal installation on road safety. Firstly, there is room for the inclusion of more countries in 
the sample, especially from developing countries. Secondly, parameters that are more 
thorough or different in scope could be examined as well, such as braking distance, 
headways and reaction time from traffic signal installation.  
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An overview of the main features of the coded studies (sample, method, outcome and 
results) is illustrated in Table 1. 
2.3 Results for traffic signal installation 
The effects of traffic signal installation can be summarised as follows: 
• 2 studies (meta-analyses) with significant reductions on all road crashes, except rear-
end crashes where they report significant crash increases 
• 1 study with significant reductions on right angle crashes and significant increases for 
rear-end crashes (via installation of red light cameras) 
• 2 studies with significant crash reductions amongst several types of accidents (injury 
only, damage only, all severities, urban areas) 
• 1 study with significant injury category reductions (injury mitigation) 
 
The quantitative results of the coded studies with their general effects on road safety are 
summarised in Table 2, which is presented in the supporting document. 
After the results were reviewed together, the following points were observed: 
a) There is an adequate number of studies, however; 
b) Those studies have not used the same methods for analysis but somewhat different ones 
c) There are only a few similar indicators but at times expressed differently 
d) The sampling frames were quite different, and there was some lack of statistical 
verification  
e) Two meta-analyses are already included in the studies examined  
2.4 Description of analysis carried out 
2.4.1 Review type analysis 
After considering the previous points it was decided that a meta-analysis could not be 
carried out; therefore the review type analysis was selected. The effect of the traffic signal 
installation measures is given via qualitative analysis.  
When aiming for a more strategic overview, the results reported from the selected studies 
provide a mostly positive picture of the general average effects of the measure. The only 
negative outcomes were reported for rear-end crashes, a finding which stands to reason 
given the barring enforcement of traffic signals (red lights) which forces vehicles to stop. 
This means that some drivers do not anticipate vehicles in front of them braking, either due 
to the act itself or because they were familiar with the road before the signal installation 
and were caught by surprise, thus increasing rear-end crashes.  
2.4.2 Overall estimate for road safety 
On a basis of both study and effect numbers, it can be argued that traffic signal installation 
measures have a mostly positive effect on road safety. The positive effects outnumber the 
negative ones by a considerable margin, and many outcomes are statistically significant. 
There are two meta-analyses included in the group of studies taken into consideration, 
which encompass the benefit of several other studies; their results also show significant 
benefits on a road safety basis. Overall, crash occurrence and severity are mitigated, and 
only a specific crash type is more frequent (rear-end crashes), owing to the nature of the 
treatments. In short, results consistently show that the examined measure does efficiently 
change road safety levels in most cases.  
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2.5 CONCLUSION 
The review-type qualitative analysis carried out showed that traffic signal installation 
measures have a mostly positive impact on road safety, with regard to crash occurrence and 
injury. There are a considerable number of positive effects with sufficient statistical 
verification to consider this measure beneficial and thus suggest it for field implementation.  
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3 SUPPORTING DOCUMENT 
3.1 Supporting quantitative table 
Below follows Table 2, including all quantitative effects from the coded studies for the 
measure of traffic signal installation.  
Number 
Author(s); Year; 
Country 
Measure 
Exposure  
Outcome 
indicator 
Quantitative Estimate 
Effect on road 
safety 
1 
Elvik, R., Høye, 
A.; 2015; Norway  
[meta-analysis] 
Installation of 
traffic signals 
Crash 
comparison 
[Percentage 
difference] 
Accident collisions - Total: 
Percent change = -29.00%,  
CI [95%] = (-41.00%, -14.00%) 
↑ 
Accident collisions -  
With crossing vehicle: 
Percent change = -74.00%,  
CI [95%] = (-77.00%, -71.00%) 
↑ 
Accident collisions - Left-turn: 
Percent change = -60.00%,  
CI [95%] = (-65.00%, -54.00%) 
↑ 
Accident collisions - Rear-end: 
Percent change = 45.00%,  
CI [95%] = (24.00%, 70.00%) 
↓ 
2 
Elvik, R., Høye, 
A.; 2015; Norway  
[meta-analysis] 
Implementation 
of left-turn phase 
Crash 
comparison 
[Percentage 
difference] 
Accident collisions - Total: 
Accident severities - All 
All accident types 
Percent change = 0.00%,  
CI [95%] = (-9.00%, 9.00%) 
- 
Accident collisions - Total: 
Accident severities - Injury 
Accidents by turning or  
crossing into a road 
Percent change = -15.00%,  
CI [95%] = (-19.00%, -12.00%) 
↑ 
Accident collisions - Total: 
Accident severities - All 
Accidents by turning or  
crossing into a road 
Percent change = 3.00%,  
CI [95%] = (-1.00%, 8.00%) 
- 
Accident collisions - Total: 
Accident severities - All 
Accidents when turning left 
Percent change = -14.00%,  
CI [95%] = (-21.00%, -5.00%) 
↑ 
Accident collisions - Total: 
Accident severities - All 
Accidents - rear end 
Percent change = 8.00%,  
CI [95%] = (0.00%, 15.00%) 
- 
3 
Celik, A. K., & 
Oktay, E.; 2014; 
Turkey 
Installation of 
traffic signals 
Injury category 
comparison 
[Odds ratio] 
Injury/Fatality Odds ratio: 
OR = 4.030, t-test = 3.05, p = 0.05,  
CI [95%] = (1.650, 9.870) 
↑ 
Injury category 
comparison 
[Slope]  
No Injury/Fatality Slope: 
b = 5.670, t-test = 3.80, p = 0.05,  
CI [95%] = (2.320, 13.900) 
↑ 
4 
Gitelman, V., 
Hakkert, A. S., 
Doveh, E., & 
Cohen, A.; 2001; 
Israel 
Installation of 
traffic signals 
Injury crashes 
comparison 
[Percentage 
difference] 
Injury crashes, All areas 
Percent change = -20.00% ↑ 
Injury crashes, Urban areas 
Percent change = -21.00% ↑ 
Injury crashes 
comparison 
[Odds ratio] 
Injury crashes, Urban areas 
[With reference group] 
OR = 0.7920, 
CI [95%] = (0.6080, 1.0330) 
↑ 
Injury crashes, Urban areas 
[Without reference group] 
OR = 0.6950, 
CI [95%] = (0.5750, 0.8400) 
↑ 
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Number 
Author(s); Year; 
Country 
Measure 
Exposure  
Outcome 
indicator 
Quantitative Estimate 
Effect on road 
safety 
5 
Persaud, B., 
Council, F., Lyon, 
C., Eccles, K., & 
Griffith, M.; 2005; 
United States  
Installation of 
Red Light Camera 
systems 
Crash 
comparison 
[Percentage 
difference] 
Accident severities - All 
Accidents - Right angle 
Percent change = -24.60%,  
s.e. = 2.900 
↑ 
Accident severities - Injury 
Accidents - Right angle 
Percent change = -15.70%,  
s.e. = 5.900 
↑ 
Accident severities - All 
Accidents - Rear-end 
Percent change = 14.90%,  
s.e. = 3.000 
↓ 
Accident severities - Injury 
Accidents - Rear-end 
Percent change = 24.00%,  
s.e. = 11.600 
↓ 
6 
Sacchi, E., Sayed, 
T., & El-
Basyouny, K.; 
2016; Canada 
Installation of 
traffic signals 
Crash 
comparison 
[Relative 
difference] 
Accident sites - All 
Accident severities - Fatal plus Injury 
Relative difference of Annual average 
collision frequency = -0.4200 
- 
Accident sites - All 
Accident severities - Damage only  
Relative difference of Annual average 
collision frequency = 3.3300 
- 
Accident sites - Treatment only  
Accident severities - Fatal plus Injury 
Relative difference of Annual average 
collision frequency = 0.5500 
- 
Accident sites - Treatment only  
Accident severities - Damage only  
Relative difference of Annual average 
collision frequency = 1.4200 
- 
Crash 
comparison 
[CMF] 
Accident sites - All 
Accident severities - All  
CMF [before - after] = 0.8400, p<0.05 
↑ 
Accident sites - All 
Accident severities - Fatal plus Injury 
CMF [before - after] = 0.7820, p<0.05 
↑ 
Accident sites - All 
Accident severities - Damage only  
CMF [before - after] = 0.8980, p<0.05 
- 
Predicted 
Crash 
comparison 
[Percentage 
difference] 
Accident sites - All 
Accident severities - All  
Prediction difference = 16.00 
↑ 
Accident sites - All 
Accident severities - Fatal plus Injury 
Prediction difference = 21.80 
↑ 
Accident sites - All 
Accident severities - Damage only 
Prediction difference = 10.20 
↑ 
↑ denotes positive road safety effects - denotes unclear or marginal road safety effects 
↓ denotes negative road safety effects * denotes that no statistical analysis was conducted for the significance of the effects  
 
Table 2: Quantitative results of coded studies and impacts on road safety. 
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3.2 Methodology 
3.2.1 Literature search strategy 
In this chapter the literature search that was carried out will be presented for the measure of 
traffic signal installation that was examined in this synopsis. The results are summarised in 
relevant tables. Several databases were examined in an attempt to locate all relevant 
scientific publications. As with the standards specified for the SafetyCube project, journal or 
conference papers published after 1990 were prioritised over reports. 
3.3 Identifying relevant studies for improving traffic signal timing 
Database: Scopus   Date: 20th of December 2016 
search no. search terms / operators / combined queries hits 
#1 "road" AND "safety" 
 
#2 AND (“traffic signal” OR “traffic light”) 1073 
#3 AND (“install*” OR “implem*”) 206 
 
All years 215 
 
Database: TRID (trid.trb.org) Date: 20th of December 2016 
search no. search terms / operators / combined queries hits 
#1 Traffic signal installation 767 
 
All years 1185 
 
Database: Science Direct   Date: 20th of December 2016 
search no. search terms / operators / combined queries hits 
#1 "road" AND "safety" AND " traffic signal" OR "traffic light" 22285 
#2 AND (“install*” OR “implem*”), Filter: "safety" 283 
 
Limitations/Exclusions: 
• Search field: TITLE-ABS-KEY 
• Published: 1990 to current 
• Document Type: “Review” and “Article” 
• Language: “English” 
• Source Type: “Journal“ 
• Only Transport Journals were considered 
• Subject Area: “Engineering” 
 
3.4 Results of Literature Search 
 
Database Hits 
Scopus (remaining papers after several limitations/exclusions) 215 
TRID 1185 
Science Direct 283 
Total number of studies to screen title/abstract 1683 
 
 
 
 
11 
 
3.5 Screening  
Total number of studies to screen title/ abstract 1683 
-De-duplication 0 
-exclusion criteria A (not related to the topic/not relevant risk factor) 1549 
-exclusion criteria B (part of meta-analysis) 0 
Remaining studies 134 
Not clear (full-text is needed) 134 
Studies to obtain full-texts 134 
3.6 Eligibility  
Total number of studies to screen full-text 134 
Full-text could be obtained 89 
Reference list examined Y/N Yes (+0 papers) 
Eligible papers prioritized  6 
3.7 Prioritising coding  
- Prioritising Step A (accidents over other performance indicators)  
- Prioritising Step B (Journals over conferences and reports) 
- Prioritising Step C (journal quality) 
- Prioritising Step D (more recent studies) 
 
3.8 List of coded studies for traffic signal installation 
 
1. Elvik, R., Høye, A. (2015a). The handbook of road safety measures, online version 
(Traffic signal installation) 
 
2. Elvik, R., Høye, A. (2015b). The handbook of road safety measures, online version 
(implementation of left-turn phase) 
 
3. Celik, A. K., & Oktay, E. (2014). A multinomial logit analysis of risk factors 
influencing road traffic injury severities in the Erzurum and Kars Provinces of 
Turkey. Accident Analysis & Prevention, 72, 66-77. 
 
4. Gitelman, V., Hakkert, A. S., Doveh, E., & Cohen, A. (2001, September). A study of 
safety effects of road infrastructure improvements under Israeli conditions. In 
Proceedings of International Conference Traffic Safety on Three Continents, 
Moscow, Russia (CD-ROM). 
 
5. Persaud, B., Council, F., Lyon, C., Eccles, K., & Griffith, M. (2005). Multijurisdictional 
safety evaluation of red light cameras. Transportation Research Record: Journal of 
the Transportation Research Board, (1922), 29-37. 
 
6. Sacchi, E., Sayed, T., & El-Basyouny, K. (2016). A full Bayes before-after study 
accounting for temporal and spatial effects: evaluating the safety impact of new 
signal installations. Accident Analysis & Prevention, 94, 52-58. 
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3.9 List of studies included in the meta-analysis (1) Elvik, R., Høye, A. (2015a) 
 
1. Harkey, D. (2008). Accident modification factors for traffic engineering and ITS 
improvements (Vol. 617). Transportation Research Board. 
2. Jensen, S. U., & ApS, T. (2010). Safety Effects of Intersection Signalization: a 
Before-After Study. In Transportation Research Board 89th Annual Meeting 
Compendium of Papers, Washington, DC. 
3. McGee, H. W. (2003). Crash experience warrant for traffic signals (No. 491). 
Transportation Research Board. 
4. Camden, A., Buliung, R., Rothman, L., Macarthur, C., & Howard, A. (2011). The 
impact of pedestrian countdown signals on pedestrian–motor vehicle collisions: a 
quasi-experimental study. Injury prevention, injuryprev-2011.  
 
3.10 List of studies included in the meta-analysis (2) Elvik, R., Høye, A. (2015b) 
 
1. Chen, L., Chen, C., Ewing, R., McKnight, C. E., Srinivasan, R., & Roe, M. (2013). 
Safety countermeasures and crash reduction in New York City—Experience and 
lessons learned. Accident Analysis & Prevention, 50, 312-322. 
2. Harkey, D. (2008). Accident modification factors for traffic engineering and ITS 
improvements (Vol. 617). Transportation Research Board. 
3. Hauer, E. (1991). Should stop yield? Matters of method in safety research. ITE 
journal, 61(9), 25-31. 
4. Lyon, C., Haq, A., Persaud, B., & Kodama, S. (2005). Safety performance functions 
for signalized intersections in large urban areas: Development and application to 
evaluation of left-turn priority treatment. Transportation Research Record: Journal 
of the Transportation Research Board, (1908), 165-171. 
5. Srinivasan, R., Council, F., Lyon, C., Gross, F., Lefler, N., & Persaud, B. (2008). 
Safety effectiveness of selected treatments at urban signalized intersections. 
Transportation Research Record: Journal of the Transportation Research Board, 
(2056), 70-76. 
6. Srinivasan, R., Lyon, C., Persaud, B., Baek, J., Gross, F., Smith, S., & Sundstrom, C. 
(2012). Crash modification factors for changes to left-turn phasing. Transportation 
Research Record: Journal of the Transportation Research Board, (2279), 108-117. 
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1 SUMMARY 
1.1 Colour code: Grey 
Explanation:  
On a basis of both study and effect numbers, it appears that traffic signal reconfiguration 
measures have an unclear effect on road safety. The positive effects do not outnumber the 
negative ones by a safe (large) margin, and many outcomes are either not directly related to 
road safety or are not statistically significant. There are two meta-analyses included in the 
group of studies taken into consideration which encompass the benefit of several other 
studies; but the results of these contribute to the unclear picture. In short, results 
consistently show that the examined measure does not efficiently change road safety 
levels. This leads to the assignment of the Grey colour code for traffic signal 
reconfiguration.  
1.2 Keywords 
Traffic signals, timing improvement; timer; pedestrian phase; junction treatments 
1.3 Abstract 
Traffic signal reconfiguration is a measure regarding the implementation of a pedestrian 
signal phase or improved traffic signal timing, and belong to the group of junction 
treatments. Eight high quality studies which included two meta-analyses were coded. On a 
basis of both study and effect numbers, it is evident that traffic signal reconfiguration 
measures do not have a positive impact on road safety (unclear or statistically non-
significant effects on crash and conflict counts and behavioral indicators). The results seem 
generally not transferable overall, specific study results may be transferable with caution. 
1.4 Background 
1.4.1 Definition of traffic signal reconfiguration measures 
 
Traffic signal reconfiguration measures concern the addition of an exclusive pedestrian 
traffic signal phase and the improvement of traffic signal timing by adjusting the traffic 
signal cycles. Road systems are complex environments that serve several simultaneous 
functions and aim to provide road users with safe and accessible facilities for transportation. 
To facilitate transport, road signals are often utilised at junctions, especially in areas of high 
traffic volumes or with subpar visibility. Often traffic lights must be recalibrated to better 
facilitate increased traffic volumes either solitarily or as part of a greater network balancing 
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endeavour. Furthermore, more relevant to the scope of the synopsis, traffic lights can be 
altered in an attempt to improve road safety levels. This can be done via changes in the 
traffic signal cycle, i.e. changes to the amount of time each served direction has available to 
use the junction (green light time) and to the amount of time each direction must halt and 
wait. This process is defined as the implementation of improved traffic signal timing. 
Similarly, the addition of a pedestrian signal phase entails the allowance of several seconds 
in the cycle where pedestrians can move unhindered by oncoming traffic in the junction. 
This isolated period can be combined with vehicle movement from directions that do not 
actively interfere with pedestrian flows; in fact this is the case in most junction 
configurations in practice. The addition of this phase provides a clearer and more isolated 
timeframe for the movement of pedestrians in the junction area. Several technical terms 
and details are available for readers and practitioners in the Traffic Signal Timing Manual 
published by FHWA (Koonce et al., 2008; first edition, and Urbanik et al., 2015; second 
edition). Furthermore, other specialised reports offer insights, such as a recent operational 
assessment (Stevanovic & Radivojevic, 2017). 
In general, traffic signal configuration measures are considered and implemented because 
they utilise existing infrastructure with few to no hardware changes and similarly little time 
is required for their realisation. They do not interfere with daily traffic in their areas; 
however the consequences of the measures employed should be studied at network level as 
they will affect other junctions and road segments nearby. Due to the fact that they are 
quite similar in nature and research methodology, it was decided that a singular synopsis 
would be provided to summarise their effects.  
1.4.2 How do traffic signal reconfiguration measures affect road safety? 
 
Traffic signal reconfiguration measures are intended to provide fairer conditions for travel in 
all directions and to improve the capability of the junction to serve all road users more 
easily. Therefore the road users, be they pedestrians or oncoming vehicles, will enjoy a 
more comfortable crossover and will not feel the need to rush ahead in their efforts to pass 
the junction, possibly creating road-safety critical effects (such as crashes) in the process. 
An additional aim is to avoid or reduce conflicts between road users, especially in the case 
of pedestrian phase implementation. It can be argued that for road users there is a 
secondary effect of the reduction of stress or other negative emotions that can lead to 
wrong decisions regarding their crossing of the junction, which is much harder to capture in 
numbers.  
 
1.4.3 How is the effect of traffic signal reconfiguration measures studied? 
 
Traffic signal reconfiguration measures were somewhat scarcely examined in the 
international literature because sometimes it is difficult to obtain sufficient data from 
treated areas. This is circumvented in later years with the latest road network management 
software techniques.  
When the decision to study the effect of a relevant measure is taken, a common practice is 
to identify a singular junction or network as a study area. Afterwards before-after measure 
approaches are implemented to capture the effect of traffic signal reconfiguration 
measures in influencing road safety levels, comparing the same areas with and without the 
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presence of the measure. The parameters used for the estimates of benefits are crash 
numbers or conflict rates, which offer direct insights on road safety levels, or more 
behavioural variables such as vehicle speed or distance from the stopping area.  
1.5 Overview of results 
The effects of traffic signal reconfiguration measures on road safety appear to be unclear 
overall. While there are several positive outcomes from the examined studies, for some 
studies concerning crash and conflict reduction, there are also numerous negative results; 
for instance one meta-analysis reports a crash reduction of 48% and a crash increase of 85% 
for different measures, both being statistically significant. There were also several figures 
lacking statistical verification or not statistically significant.  
1.5.1 Transferability 
 
Coded studies are based on data from China, Norway, Sweden, Taiwan and the United 
States; two of the studies are meta-analyses and therefore encompass more countries and 
international data in their datasets. While this can be generally considered a good sample of 
countries, there is still room for representation of other areas of the globe, and a respective 
gap of knowledge, especially concerning less motorised regions. Most studies examined 
their respective study areas uniformly, examining all crash types and road users as groups, 
i.e. without differentiating. There are, however, instances of differentiation between senior 
vs. non-senior pedestrians and cars vs. motorcycles. It can be noted that there is always 
room for a greater variety of approaches. 
1.5.2 Notes on analysis methods 
 
While the methodology applied for capturing the impact of traffic signal reconfiguration 
measures is similar (before-after measure application approaches), the outputs are 
interpreted in various manners: Sometimes only raw crash numbers or descriptive statistics 
are provided, while other studies subject these outcomes to significance testing to 
determine the level of statistical significance of each parameter on the road safety levels. 
There is some room for investigating different road user categories and/or other 
geographical regions. All aforementioned factors make the findings for traffic signal 
reconfiguration measures transferable with caution. 
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2 SCIENTIFIC OVERVIEW 
2.1 Analysis of study designs and methods  
After appropriate use of various search tools and databases, eight (8) high quality studies 
were selected and coded for traffic signal reconfiguration measures, two of which were 
meta-analyses encompassing several other relevant studies from the literature. The studies 
utilised before-and-after designs and investigated several parameters. Those parameters 
included direct variables, like crash number comparisons (Elvik et al., 2015a and 2015b, 
Huitema et al., 2014) or pedestrian-vehicle conflicts (Fu and Zou, 2016, Gårder, 1989, 
Houten et al., 2000). Furthermore another study focused on vehicle numbers and speeds 
involved in red light violations (Chen et al., 2015). 
In other cases more indirect road safety indicators such as behavioural changes (distance to 
stop line after braking or driver decision to go or stop) mentioned in Long et al. (2012), or 
other traffic related variables not directly related to road safety e.g. vehicle passing time 
and pedestrian delays (Gårder, 1989), were utilised as an additional indication. Overall this 
is a very good mix for investigating road safety, with both direct and indirect parameters. 
In order to examine the relationship between the various effects of traffic signal 
reconfiguration the studies either deployed significance testing (for example Z-testing, 
confidence interval or p-value calculations, or standard error provision) or at least 
conducted basic descriptive statistical analyses. It should be noted that good quality studies 
relevant to the subtopic of improving traffic signal timing are somewhat scarce in the 
literature; there is a significant gap of knowledge for these road safety measures. 
2.2 Literature Review 
The studies reported mixed results regarding outcomes of variables for road safety. The 
results of the meta-analyses that have been located are of particular importance. The first 
meta-analysis (Elvik et al., 2015a) regarded traffic signal timing improvements via the 
implementation of several different configurations; three of the measures examined were 
found to have positive effects in crash reduction (changes to vehicle actuation timing 
reduced crashes by 20%, during green light waves by 15% and extending of all red light 
periods by 48%) while the remaining three measures actually increased crash counts 
(flashing amber lights at night increased crashes by 85% and 4 or 8 signal phases by 47%). 
These results seem to provide a contradictory picture for the effectiveness of traffic signal 
timing improvements. 
This picture remains unclear after also examining the second meta-analysis (Elvik et al., 
2015b), which regarded the introduction of pedestrian countdown timers. While it did 
report an initial crash reduction of 4%, the relevant confidence interval calculations render 
this result statistically not-significant. The other study that compared crashes for the 
installation of a pedestrian countdown timer at signalised intersections did develop a time-
series model that predicts verified positive results for road safety, accompanied by an 
absolute reduction of 70 crashes, though this reduction itself is unverified (Huitema et al., 
2014). 
On a similar note, Fu and Zou (2016) conducted a comparison of intersections with and 
without the countdown signal and found positive, negative and unclear effects of the 
measure by comparing the alterations of the number of children crossing the intersection at 
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given times, as well as negative unverified results considering pedestrian-vehicle conflicts 
(12 conflicts with straight through vehicles and 4 with turning vehicles).  
An older but quite cited study (Gårder, 1989) reported a significant reduction of serious 
conflicts with pedestrians in two out of the three sites considered after the installation of an 
exclusive pedestrian signal phase (10 and 24, respectively), however this intervention 
caused an increase in mean passing time for vehicles, and pedestrian delays as a result. 
Furthermore, Houten et al. (2000) investigated the effects of the introduction of a leading 
pedestrian interval signal phase on conflicts, conducting separate analyses for senior and 
non-senior pedestrians as well as for left and right turn conflicts. Results showed conflict 
reduction, though no statistical verification was provided. Relevant odds ratios, however, 
affirm an increase in the road safety levels after the measure (for instance a 95% increase in 
the chance no conflicts happening after all pedestrians departed the curb). 
After the installation of pedestrian green signal countdown devices, Chen et al. (2015) 
examined the characteristics of violating vehicles (namely cars and motorcycles). The 
outcomes appear mixed as most vehicles tend to comply and to stop farther from the stop 
line (for instance an additional 24 cars stopped 0 to 10 m from the stop line due to the 
presence of the timer), but the vehicles that did commit a red light violation had increased 
speeds (up to 3.60 km/h for motorcycles). 
The final study researched the effect of the installation of a countdown timer after the 
onset of amber at a signalised intersection; it found beneficial effects that still depend on 
the decision making of drivers (stop/go decisions). For drivers choosing to go, there is not 
much difference (1.20 m)when comparing the intersections with or without the timer, but 
for drivers choosing to stop, the amber countdown timer causes them to stop sooner, with 
an increased average of 13.40 m before the intersection (Long et al. 2012). 
Apart from the results mentioned before, the following findings are also noteworthy for 
road safety: Crash reductions are not reported as statistically significant in most instances, 
but the work of (Elvik et al., 2015a) has added value in determining the proper treatments 
from the entire group of measures, which are implementation of vehicle actuation, green 
wave and extending all red periods.  
Concerning specific signal configuration, Fu and Zou (2016) found that the only benefit can 
be gained from children crossing during the "Green Man” phase, rather than the "Flashing 
Green Man" phase, which indicates oncoming vehicles, allowing safer crossing only when it 
is legal to do so. When considering oncoming vehicles, motorcycles were found to conduct 
more violations than cars and to accelerate when approaching and violating the intersection 
(Chen et al., 2015). This hints that motorcyclists believe that their lower profile and 
increased maneuverability allows them to avoid conflicts and crashes with pedestrians more 
effectively.  
An overview of the main features of the coded studies (sample, method, outcome and 
results) is illustrated on Table 1. 
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Number 
Author(s); Year; 
Country; 
Sampling frame for 
signal timing studies 
Method for signal timing 
investigation 
Outcome indicator Main Result 
1 
Elvik, R., Høye, 
A.; 2015a; 
Norway  
[meta-analysis] 
Summary of effects 
from previous research 
that can be expected if 
specific measures 
related to improving 
traffic signals timing 
are implemented. 
Crash comparison 
[Random effects meta-
analysis] 
Crash comparison 
[Percentage 
difference] 
Various types of 
measures had several 
degrees of effectiveness 
in reducing crash 
occurrence  
(from 5% to 144%). 
2 
Elvik, R., Høye, 
A.; 2015b; 
Norway  
[meta-analysis] 
Summary of effects 
from previous research 
that can be expected if 
specific measures 
related to changing 
pedestrian signal 
phases are 
implemented. 
Crash comparison 
[Random effects meta-
analysis] 
Crash comparison 
[Percentage 
difference] 
Signal phases are not 
found to affect 
accidents, the review 
shows a reduction in 
red-light crossing for 
pedestrians.  
3 
Chen, P. L., Pai, 
C. W., Jou, R. C., 
Saleh, W., & 
Kuo, M. S.; 
2015; Taiwan 
Using cameras, the 
study investigates 
motorcyclists’ RLV 
(red-light violation) 
behaviours for 
intersections with and 
without pedestrian 
countdown devices. 
Comparison of number 
and speed of RLV 
vehicles between 
intersections with and 
without PGSCD 
Number and speed of 
RLV vehicles 
[Absolute difference] 
Motorcyclists’ speeds 
when executing RLV 
manoeuvres at 
intersections with 
PGSCD are higher than 
without PGSCD, which 
would indeed result in 
more devastating crash 
impacts. 
4 
Fu, L., & Zou, 
N.; 2016; China 
A comparison analysis 
was carried out on the 
basis of observations 
at two different school 
intersections with and 
without pedestrian 
countdown signals in 
the city of Jinan, 
China. 
Impact analysis on 
pedestrian crossing 
behaviour in several 
scenarios 
Comparison of 
intersection crossings 
with and without the 
countdown signal  
[Absolute difference] 
Pedestrian countdown 
timers during the Red 
Man phase led to more 
children violations and 
running behavior. These 
violators created more 
conflicts with vehicles.  
5 
Gårder, P.; 
1989; Sweden 
Traffic Conflicts 
Techniques have been 
used to examine the 
risk to pedestrians at 
120 intersections 
before and after 
introduction of 
scramble at three 
sites. 
The number of serious 
conflicts involving 
pedestrians and motor 
vehicles as well as 
pedestrian delay were 
measured. 
Comparison of 
conflicts, mean 
passing time and 
mean pedestrian 
delay 
[Absolute difference - 
Percent change] 
Differences in red-
walking conflicts, from 
1% to 10%-50%. The 
scramble manoeuvre 
can be an efficient 
safety measure as long 
as the percentage of 
pedestrians crossing on 
red is low. 
6 
Houten, R., 
Retting, R., 
Farmer, C., & 
Houten, J.; 
2000; United 
States 
The subjects in this 
research were 
pedestrians crossing 
at three signalised 
intersections in 
downtown St. 
Petersburg, Florida. 
Relative difference 
comparison of conflicts 
per 100 pedestrians 
Conflict numbers 
[Relative difference] 
3-s LPI reduced conflicts 
between pedestrians 
and turning vehicles and 
reduced the incidence of 
pedestrians yielding to 
vehicles. 
7 
Huitema, B. E., 
Van Houten, R., 
& Manal, H.; 
2014; United 
States 
Application of a PCT 
methodology to 
pedestrian crash data 
collected in a large 
study carried out in 
Detroit, Michigan. 
Time series model and 
difference comparison 
Level change 
coefficient [Slope] 
and Crash comparison 
[Absolute difference] 
Reduction in the 
average number of 
crashes from about 
seven per month to a 
little over two per 
month (70% reduction) 
8 
Long, K., Liu, 
Y., & Han, L. D.; 
2013; China 
Four intersections of 
major arterials were 
identified for field 
data collection in 
downtown Changsha, 
China. 
Based on samples of 
driver decisions, binary 
logistical regression 
analysis is used to study 
the difference of driver 
decisions in response to 
the amber onset with 
and without the 
Comparison of 
distance, velocity and 
decision making with 
and without the 
countdown signal  
[Absolute difference] 
Results show that the 
presence of countdown 
devices may contribute 
to more drivers crossing 
the stop line after the 
onset of amber. 
7 
 
Number 
Author(s); Year; 
Country; 
Sampling frame for 
signal timing studies 
Method for signal timing 
investigation 
Outcome indicator Main Result 
countdown timer. 
Table 1: Description of coded studies 
2.2.1 Limitations 
A few limitations can be arguably found in the current literature for the effects of traffic 
signal reconfiguration on road safety. Firstly, as stated before, studies are rare in general, 
and this appears to be an under-researched topic overall. This lack of investigation by 
researchers might mean that there is not as much interest in implementing the measures or 
devising new methods to monitor their benefits, which is supported by the ambivalent 
results presented in this synopsis. Secondly, there is room for the inclusion of more 
countries in the sample, especially from developing countries.  
2.3 Results for traffic signal reconfiguration 
2.3.1 Introduction 
The effects of traffic signal reconfiguration determined can be summarised as follows: 
• 2 studies (meta-analyses) with significant but contradicting effects on road crashes, or a 
non-significant effect overall 
• 1 study with a significant reduction on road crashes  
• 1 study with significant increases and some mixed effects on pedestrian-vehicle 
conflicts  
• 2 studies with significant reductions on pedestrian-vehicle conflicts  
• 1 study with significant road safety benefits related to spatial and behavioural variables 
(distance to stop/speed) 
• 1 study with no significant effects related to spatial and behavioural variables (distance 
to stop/speed) of red light violating vehicles 
 
The quantitative results of the coded studies alongside their general effects on road safety 
are presented in Table 2, which is presented in the supporting document. 
After the results were reviewed together, the following points were observed: 
a) There is an adequate number of studies, however; 
b) Those studies have not used the same methods for analysis but somewhat different 
ones. 
c) There are only a few similar indicators but at times expressed differently 
d) The sampling frames were quite different, and there was some lack of statistical 
verification  
e) Two meta-analyses are already included in the studies examined  
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2.4 Description of analysis carried out 
2.4.1 Review type analysis 
After considering the previous points it was decided that a meta-analysis should not be 
carried out; therefore a review type analysis was selected. The effect of the traffic signal 
reconfiguration measures is given via qualitative analysis.  
When aiming for a more strategic overview, the results reported from the selected studies 
do not provide a very clear picture of the general average effects of the measure. Since 
traffic signal reconfiguration measures affect several road users, including pedestrians (who 
are more vulnerable but have also greater freedom of movement), and are also affected by 
other specific factors such as intersection geometry and visibility, speeding and other 
factors, it stands to reason that their effects would not be clear and measurable. 
 
2.4.2 Overall estimate for road safety 
On a basis of both study and effect numbers, it can be argued that traffic signal 
reconfiguration measures have an unclear effect on road safety. The positive effects do not 
outnumber the negative ones by a very safe (large) margin, and many outcomes are either 
not directly related to road safety or are not statistically significant. There are two meta-
analyses included in the group of studies taken into consideration which encompass the 
benefit of several other studies; but even their results contribute to this unclear picture. In 
short, results consistently show that the examined measure does not efficiently change 
road safety levels. This leads to the assignment of the Grey colour code for traffic signal 
reconfiguration.   
2.5 Conclusion 
The review-type qualitative analysis carried out showed that traffic signal reconfiguration 
measures have an inconclusive impact on road safety, with regard to the aspects of crash 
and conflict counts and behavioural variables such as the stopping distance and speed of 
oncoming vehicles. There are not enough positive effects with sufficient statistical 
verification to consider this measure beneficial and thus suggest it for field implementation.  
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3 SUPPORTING DOCUMENT 
 
3.1 Supporting quantitative table 
Below follows Table 2, which includes all quantitative effects from the coded studies for the 
measures of traffic signal reconfiguration.  
Number 
Author(s); 
Year; 
Country 
Measure Exposure  Outcome indicator Quantitative Estimate 
Effect on 
road safety 
1 
Elvik, R., 
Høye, A.; 
2015a; 
Norway  
[meta-
analysis] 
Vehicle actuation 
[Reference group: 
Pre-timed] 
Crash comparison 
[Percentage 
difference] 
Percent accident  
change = -20.00%,  
CI [95%] = (-31.00%, -7.00%) 
↑ 
Green wave 
[Reference group: 
Regular phasing] 
Percent accident  
change = -15.00%,  
CI [95%] = (-23.00%, -7.00%) 
↑ 
Flashing amber at 
night [Reference 
group: Regular 
phasing] 
Percent accident  
change = 85.00%,  
CI [95%] = (85.00%, 153.00%) 
↓ 
Flashing amber at 
night [Reference 
group: Regular 
phasing] 
Percent accident  
change = 144.00%,  
CI [95%] = (1.00%, 489.00%) 
[crossing vehicle accidents only] 
↓ 
4 signal phases 
[Reference group:  
2 signal phases] 
Percent accident  
change = 47.00%,  
CI [95%] = (28.00%, 69.00%) 
↓ 
8 signal phases 
[Reference group:  
2 signal phases] 
Percent accident  
change = 47.00%,  
CI [95%] = (16.00%, 79.00%) 
↓ 
Extended all red 
[Reference group: 
Regular phasing] 
Percent accident  
change = -48.00%,  
CI [95%] = (-71.00%, -6.00%) 
↑ 
2 
Elvik, R., 
Høye, A.; 
2015b; 
Norway  
[meta-
analysis] 
Implementation of 
pedestrian 
countdown signal 
Crash comparison 
[Percentage 
difference] 
Percent accident  
change = -4.00%,  
CI [95%] = (-18.00%, 14.00%) 
- 
3 
Chen, P. 
L., Pai, C. 
W., Jou, 
R. C., 
Saleh, W., 
& Kuo, M. 
S.; 2015; 
Taiwan 
Installation of 
pedestrian green 
signal countdown 
devices 
Number of Red Light 
Violation vehicles 
[Absolute difference] 
Vehicle type: Motorcycles 
Distance from stop line: 0-10 m 
RLV Vehicle difference = 132 
↓* 
Vehicle type: Motorcycles 
Distance from stop line: 11-20 m 
RLV Vehicle difference = -9 
↑* 
Vehicle type: Motorcycles 
Distance from stop line: 21-30 m 
RLV Vehicle difference = -11 
↑* 
Vehicle type: Cars 
Distance from stop line: 0-10 m 
RLV Vehicle difference = -24 
↑* 
Vehicle type: Cars 
Distance from stop line: 11-20 m 
RLV Vehicle difference = -19 
↑* 
Vehicle type: Cars 
Distance from stop line: 21-30 m 
RLV Vehicle difference = -12 
↑* 
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Number 
Author(s); 
Year; 
Country 
Measure Exposure  Outcome indicator Quantitative Estimate 
Effect on 
road safety 
Average speed of RLV 
vehicles [Absolute 
difference] 
Vehicle type: Motorcycles 
Distance from stop line: 0-10 m 
Average RLV Vehicle Speed difference 
= 3.60 km/h 
↓* 
Vehicle type: Motorcycles 
Distance from stop line: 11-20 m 
Average RLV Vehicle Speed difference 
= 3.00 km/h 
↓* 
Vehicle type: Motorcycles 
Distance from stop line: 21-30 m 
Average RLV Vehicle Speed difference 
= 3.40 km/h 
↓* 
Vehicle type: Cars 
Distance from stop line: 0-10 m 
Average RLV Vehicle Speed difference 
= 0.40 km/h 
↓* 
Vehicle type: Cars 
Distance from stop line: 11-20 m 
Average RLV Vehicle Speed difference 
= 1.10 km/h 
↓* 
Vehicle type: Cars 
Distance from stop line: 21-30 m 
Average RLV Vehicle Speed difference 
= 2.40 km/h 
↓* 
4 
Fu, L., & 
Zou, N.; 
2016; 
China 
Installation of 
countdown signals 
at school 
intersections 
Comparison of 
intersection crossings 
with and without the 
countdown signal  
[Absolute difference] 
Children cross during  
the Red Man phase:  
Crossing difference = 17.900, 
Z = 12.958, p<0.05, CI [95%] 
↓ 
Children cross during  
the Flashing Green Man phase:  
Crossing difference = 0.700, 
Z = 0.696, p>0.05, CI [95%] 
- 
Children cross during the Flashing GM 
and Green Man phase:  
Crossing difference = 6.300, 
Z = -3.977, p<0.05, CI [95%] 
↑ 
Children run to cross:  
Crossing difference = 6.900, 
Z = 4.009, p<0.05, CI [95%] 
↓ 
Child pedestrian-
vehicle conflicts 
[Absolute difference] 
Conflicts with straight through 
vehicles difference = 12 ↓* 
Conflicts with turning vehicles 
difference = 4 ↓* 
5 
Gårder, 
P.; 1989; 
Sweden 
Installation of 
exclusive 
pedestrian signal 
phase (scramble) 
Reduction of serious 
conflits with 
pedestrians [Absolute 
difference] 
Stockholm - Site 1: Difference of 
conflicts before and after the 
installation = 10, p = 0.010 
↑ 
Stockholm - Site 2: Difference of 
conflicts before and after the 
installation = 3, p = N/A 
↑* 
Esloev - Site 3: Difference of conflicts 
before and after the  
installation = 24, p = 0.001 
↑ 
Increase in mean 
passing time for 
vehicles [Percent 
Change] 
Stockholm - Site 1: Passing time 
increase = 22% - 
Stockholm - Site 2: Passing time 
increase = 39% - 
Esloev - Site 3: Passing time increase = 
73% - 
Increase in mean delay 
for pedestrians 
Stockholm - Site 1:  
Delay increase = 93% - 
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Number 
Author(s); 
Year; 
Country 
Measure Exposure  Outcome indicator Quantitative Estimate 
Effect on 
road safety 
[Percent Change] Stockholm - Site 2:  
Delay increase = 4% - 
Esloev - Site 3:  
Delay increase = 74% - 
6 
Houten, 
R., 
Retting, 
R., 
Farmer, 
C., & 
Houten, 
J.; 2000; 
United 
States 
Introduction of 
Leading Pedestrian 
Interval signal 
phase 
Conflicts  
per 100 Pedestrians 
[Relative difference] 
Total conflicts - Seniors -  
Begin Walk Period:  
Conflict difference = 3.200 
↑* 
Total conflicts - Seniors -  
Remainder of Walk Cycle:  
Conflict difference = 2.100 
↑* 
Total conflicts - Nonseniors -  
Begin Walk Period:  
Conflict difference = 2.400 
↑* 
Total conflicts - Nonseniors -  
Remainder of Walk Cycle:  
Conflict difference = 1.300 
↑* 
Total conflicts - Nonseniors -  
Begin Walk Period:  
Conflict difference = 2.400 
↑* 
Total conflicts - Nonseniors -  
Remainder of Walk Cycle:  
Conflict difference = 1.300 
↑* 
Total conflicts - Total groups -  
Begin Walk Period:  
Conflict difference = 2.600 
↑* 
Total conflicts - Total groups -  
Remainder of Walk Cycle:  
Conflict difference = 1.400 
↑* 
Left turn conflicts - Seniors -  
Begin Walk Period:   
Conflict difference = 2.500 
↑* 
Left turn conflicts - Seniors -  
Remainder of Walk Cycle:  
Conflict difference = 1.100 
↑* 
Left turn conflicts - Nonseniors -  
Begin Walk Period:  
Conflict difference = 1.700 
↑* 
Left turn conflicts - Nonseniors -  
Remainder of Walk Cycle:  
Conflict difference = 0.900 
↑* 
Left turn conflicts - Total groups -  
Begin Walk Period:  
Conflict difference = 2.000 
↑* 
Left turn conflicts - Total groups -  
Remainder of Walk Cycle:  
Conflict difference = 0.900 
↑* 
Right turn conflicts - Seniors -  
Begin Walk Period:   
Conflict difference = 0.800 
↑* 
Right turn conflicts - Seniors -  
Remainder of Walk Cycle:  
Conflict difference = 1.000 
↑* 
Right turn conflicts - Nonseniors -  
Begin Walk Period:  
Conflict difference = 0.700 
↑* 
Right turn conflicts - Nonseniors -  
Remainder of Walk Cycle:  
Conflict difference = 0.500 
↑* 
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Number 
Author(s); 
Year; 
Country 
Measure Exposure  Outcome indicator Quantitative Estimate 
Effect on 
road safety 
Right turn conflicts - Total groups -  
Begin Walk Period:  
Conflict difference = 0.700 
↑* 
Right turn conflicts - Total groups -  
Remainder of Walk Cycle:  
Conflict difference = 0.500 
↑* 
Conflict rates [Odds 
ratio] 
LPI vs baseline comparison 
Total conflicts - Total groups -  
Begin Walk Period:  
Conflict odds ratio = 0.050, 
CI [95%] = (0.020, 0.120) 
↑ 
LPI vs baseline, senior 
Total conflicts - Seniors -  
Begin Walk Period:  
Conflict odds ratio = 0.110, 
CI [95%] = (0.040, 0.330) 
↑ 
LPI vs baseline, nonsenior 
Total conflicts - Nonseniors -  
Begin Walk Period:  
Conflict odds ratio = 0.030, 
CI [95%] = (0.010, 0.100) 
↑ 
7 
Huitema, 
B. E., Van 
Houten, 
R., & 
Manal, H.; 
2014; 
United 
States 
Installation of a 
Pedestrian 
Countdown Timer 
at signalised 
intersections 
Level change 
coefficient [Slope] 
Average crash reduction - 
Time series model:  
Slope = -4.8800, t-test = -5.450, 
p<0.001 
↑ 
Crash comparison 
[Absolute difference] 
Crash comparison: Abs. Dif. = 70 ↑* 
8 
Long, K., 
Liu, Y., & 
Han, L. 
D.; 2013; 
China 
Installation of 
countdown timer 
after the onset of 
amber at a 
signalised 
intersection 
Distance to stop line 
with and without  
countdown signal  
[Absolute difference] 
Driver Decision - Go:  
Abs. Dif. = 1.20 m, s.e. = 3.00 ↑* 
Driver Decision - Stop:  
Abs. Dif. = 13.40 m, s.e. = 10.90 ↑* 
Velocity with and 
without  countdown 
signal  
[Absolute difference] 
Driver Decision - Go:  
Abs. Dif. = -6.10 km/h, s.e. = -2.55 ↑* 
Driver Decision - Stop:  
Abs. Dif. = 2.40 km/h, s.e. = 0.60 ↑* 
Driver decisions with 
and without 
countdown signal  
[Absolute difference] 
Driver Decision (Go - Stop):  
Slope = -1.2660, s.e. = 0.3310,  
p = 0.000 
↑ 
  
↑ denotes positive road safety effects - denotes unclear or marginal road safety effects 
↓ denotes negative road safety effects 
* denotes that no statistical analysis was conducted for the significance of the 
effects  
 
Table 2: Quantitative results of coded studies and impacts on road safety. 
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3.2 Methodology 
3.2.1 Literature search strategy 
In this chapter the literature search that was carried out will be described for the two 
measures of traffic signal reconfiguration that were examined in this synopsis: improving 
traffic signal timing and implementation of pedestrian signal phase. The results are 
summarised in relevant tables. Several databases were examined in an attempt to locate all 
relevant scientific publications. As with the standards specified for the SafetyCube project, 
journal or conference papers published after 1990 were prioritised over reports. 
3.3 Identifying relevant studies for improving traffic signal timing 
Database: Scopus   Date: 20th of December 2016 
search no. search terms / operators / combined queries hits 
#1 "road" AND "safety" 
 
#2 AND (“traffic signal” OR “traffic light”) 1073 
#3 AND (“improve* tim*” OR “change tim*”) 129 
 
All years 131 
 
Database: TRID (trid.trb.org) Date: 20th of December 2016 
search no. search terms / operators / combined queries hits 
#1 Traffic signal timing improvement 153 
 
All years 196 
 
Database: Science Direct   Date: 20th of December 2016 
search no. search terms / operators / combined queries hits 
#1 "road" AND "safety" AND " traffic signal" OR "traffic light" 2458 
#2 AND "tim*" 2 
 
Limitations/ Exclusions: 
• Search field: TITLE-ABS-KEY 
• Published: 1990 to current 
• Document Type: “Review” and “Article” 
• Language: “English” 
• Source Type: “Journal“ 
• Only Transport Journals were considered 
• Subject Area: “Engineering” 
 
3.4 Results of Literature Search 
 
Database Hits 
Scopus (remaining papers after several limitations/exclusions) 131 
TRID 196 
Science Direct 2 
Total number of studies to screen title/abstract 329 
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3.5 Screening  
Total number of studies to screen title/ abstract 329 
-De-duplication 0 
-exclusion criteria A (not related to the topic/not relevant risk factor) 311 
-exclusion criteria B (part of meta-analysis) 0 
Remaining studies 18 
Not clear (full-text is needed) 18 
Studies to obtain full-texts 18 
3.6 Eligibility  
Total number of studies to screen full-text 18 
Full-text could be obtained 10 
Reference list examined Y/N Yes (+0 papers) 
Eligible papers prioritized  2 
 
3.7 Prioritising coding  
- Prioritising Step A (accidents over other performance indicators)  
- Prioritising Step B (Journals over conferences and reports) 
- Prioritising Step C (journal quality) 
- Prioritising Step D (more recent studies) 
 
3.8 List of coded studies for improving traffic signal timing 
 
1. Elvik, R., Høye, A. (2015a). The handbook of road safety measures, online version 
2. Long, K., Liu, Y., & Han, L. D. (2013). Impact of countdown timer on driving 
maneuvers after the yellow onset at signalized intersections: An empirical study in 
Changsha, China. Safety science, 54, 8-16. 
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3.9 Identifying relevant studies for implementation of pedestrian signal phase 
Database: Scopus   Date: 20th of December 2016 
search no. search terms / operators / combined queries hits 
#1 "road" AND "safety" 
 
#2 AND (“traffic signal” OR “traffic light”) 1073 
#3 AND (“pedestrian*” OR "pedestr* phase") 219 
 
All years 230 
 
Database: TRID (trid.trb.org) Date: 20th of December 2016 
search no. search terms / operators / combined queries hits 
#1 Traffic signal pedestrian phase 300 
 
All years 434 
 
Database: Science Direct   Date: 20th of December 2016 
search no. search terms / operators / combined queries hits 
#1 "road" AND "safety" AND " traffic signal" OR "traffic light" 2458 
#2 AND "pedestrian phase" 39 
 
Limitations/ Exclusions: 
• Search field: TITLE-ABS-KEY 
• Published: 1990 to current 
• Document Type: “Review” and “Article” 
• Language: “English” 
• Source Type: “Journal“ 
• Only Transport Journals were considered 
• Subject Area: “Engineering” 
 
3.10 Results of Literature Search 
 
Database Hits 
Scopus (remaining papers after several limitations/exclusions) 230 
TRID 434 
Science Direct 39 
Total number of studies to screen title/abstract 703 
 
3.11 Screening  
Total number of studies to screen title/ abstract 703 
-De-duplication 0 
-exclusion criteria A (not related to the topic/not relevant risk factor) 663 
-exclusion criteria B (part of meta-analysis) 0 
Remaining studies 40 
Not clear (full-text is needed) 40 
Studies to obtain full-texts 40 
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3.12 Eligibility  
Total number of studies to screen full-text 40 
Full-text could be obtained 15 
Reference list examined Y/N Yes (+0 papers) 
Eligible papers prioritised  6 
 
3.13 Prioritising coding  
- Prioritising Step A (accidents over other performance indicators)  
- Prioritising Step B (Journals over conferences and reports) 
- Prioritising Step C (journal quality) 
- Prioritising Step D (more recent studies) 
 
3.14 List of coded studies for the implementation of pedestrian signal phase 
 
1. Chen, P. L., Pai, C. W., Jou, R. C., Saleh, W., & Kuo, M. S. (2015). Exploring 
motorcycle red-light violation in response to pedestrian green signal countdown 
device. Accident Analysis & Prevention, 75, 128-136. 
 
2. Elvik, R., Høye, A. (2015b). The handbook of road safety measures, online version 
 
3. Fu, L., & Zou, N. (2016). The influence of pedestrian countdown signals on children’s 
crossing behavior at school intersections. Accident Analysis & Prevention, 94, 73-79. 
 
4. Gårder, P. (1989). Pedestrian safety at traffic signals: a study carried out with the 
help of a traffic conflicts technique. Accident Analysis & Prevention, 21(5), 435-444. 
 
5. Houten, R., Retting, R., Farmer, C., & Houten, J. (2000). Field evaluation of a leading 
pedestrian interval signal phase at three urban intersections. Transportation 
Research Record: Journal of the Transportation Research Board, (1734), 86-92. 
 
6. Huitema, B. E., Van Houten, R., & Manal, H. (2014). Time-series intervention 
analysis of pedestrian countdown timer effects. Accident Analysis & Prevention, 72, 
23-31. 
 
3.15 Additional literature references 
 
1. Koonce, P., Rodegerdts, L., Lee, K., Quayle, S., Beaird, S., Braud, C., ... & Urbanik, 
T. (2008). Traffic signal timing manual (No. FHWA-HOP-08-024). 
2. Stevanovic, A., & Radivojevic, D. (2017). Manual on Performance of Traffic Signal 
Systems: Assessment of Operations and Maintenance. 
3. Urbanik, T., Tanaka, A., Lozner, B., Lindstrom, E., Lee, K., Quayle, S., ... & Sunkari, 
S. (2015). Signal Timing Manual. Transportation Research Board. 
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